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COMMONWEALTH OF AUSTRALIA 



IN THE MATTER OF : Australian Patent 
Application 696764 (73941/94). In the name of: 
Human Genome Sciences Inc. 

-and- 

IN THE MATTER OF : Opposition thereto by 
Ludwig Institute for Cancer Research, under 
Section 59 of the Patents Act. 

STATUTORY DECLARATION 

I, Stuart A. Aaronson of Mount Sinai Medical Center, New York, New York, United States 
of America, declare as follows: 

1 . I have been asked by the Patent Attorneys representing Human Genome 
Sciences ("HGS") to serve as a scientific consultant in connection with the 
Ludwig Institute for Cancer Research Opposition to the issuance of HGS 
Australian Patent Application 696764, in the name of HGS, entitled: 
"Vascular Endothelial Growth Factor-2" ("the HGS patent specification"). 

2. In acting as a scientific consultant for HGS, I provided a Statutory Declaration 
executed December 14, 2000 ("Aaronson Declaration I") in connection with 
the Opposition of the HGS patent specification, in which I provided my 
comments and opinions on what the HGS patent specification would provide 
to one skilled in the field of molecular biology of growth factors, e.g., a post 
doctorate or Ph.D. candidate in a research laboratory, and to provide my 
comments and opinions nn the experimental evidence provided in Dr. Alitalo's 
Statutory Declaration executed on February 15, 2000 ("Alitalo Declaration I"). 
I have now been asked by the Patent Attorneys representing HGS to review 
and provide comments on the Statutory Declaration executed by Dr. Alitalo on 
September 14, 2001 ("Alitalo Declaration IT'). 
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The HGS patent specification relates to the identification and characterization 
of a new member of the PDGF/VEGF family of growth factors, VEGF-2, 
which is also known as VEGF-C. VEGF-2 and VEGF-C are recognized to be 
identical proteins by those working in the field, as they have nearly identical 
sequences as demonstrated by the sequence alignment, appendixed hereto as 
Appendix I. 

In providing my comments and opinions, I have been asked to keep in mind 
what the HGS patent specification would provide to one familiar with the 
molecular biology of growth factors as of the earliest filing date of the HGS 
patent specification, which I have been told is March 1994- For purposes of 
this analysis, I considered and give an opinion on not only what I knew and 
appreciated at the relevant time, but also what was expected to be known by 
one skilled in the field of the molecular biology of growth factors, such as 
graduate students and postdoctoral fellows who were in my laboratory at the 
relevant time. The opinions I express are, unless I state to the contrary, 
opinions based upon these considerations and they would have been applicable 
as of March 1994, the filing date of the HGS patent specification, as of 
September 1995, the publication date of the HGS patent specification and are 
also applicable now. Further, despite the fact that many of my opinions have 
been presented in the present tense for the ease of expression, I would have 
held those opinions in March 1994. 

Dr. Alitalo attempts to provide new experimental data that allegedly addresses 
the criticisms raised by the HGS scientific consultants of the experimental 
evidence provided in Alitalo Declaration I. Dr. Alitalo further purports to 
analyze the expression, proteolytic processing, and secretion profiles of 
VEGF-2 as taught in the HGS patent specification. However, due to 
numerous defects, in the design, performance, and analysis of these new 
experiments, the results presented in Alitalo Declaration II fail to provide any 
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meaningful information regarding the expression, processing and secretion of 
VEGF-2 as taught in the HGS patent specification. For example, I have 
identified the following deficiencies in Alitalo Declaration II: 

• The failure to follow the teachings of the HGS patent specification 
as a whole when designing the new experiments; 

• The inability to refute that, by following the teachings of the HGS 
patent specification, the 350 amino acid VEGF-2 protein results in 
the correct expression, secretion, and processing of the mature form 
ofVEGF-2; 

• The failure to design experiments to result in meaningful 
conclusions with respect to the teachings of the HGS patent 
specification; and - 

• The failure to draw credible or consistent conclusions based on the 
new experiments regarding the expression, processing and 
secretion of VEGF-2 as taught in the HGS patent specification. 

The following paragraphs detail these deficiencies identified in the Alitalo 

Declaration II. 

The Alitalo Declaration II Fails to Follow the Teachings of the HGS Patent 
Specification as a Whole 

6. Dr. Alitalo purports that his new experiments were designed to determine 

whether utilizing the teachings provided in the HGS patent specification, the 
350 amino acid form of VEGF-2 is expressed, processed and secreted. 
However, the experimental procedures set out in Alitalo Declaration II fail to 
correct one of the critical flaws of Alitalo Declaration I, i.e., it fails to follow 
the teachings of the HGS patent specification. In particular, Dr. Alitalo ! s new 
experimental design is flawed because he tails to recognize that the HGS 
patent specification specifically provides that the 350 amino acid sequence 
may be expressed with a heterologous signal sequence. 
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Likewise, Dr. Alitalo fails to recognize that the experiments described in the 
Statutory Declaration executed by Susan Powers on December 20, 2000 
("Power Declaration I") demonstrated that VEGF-2 could be expressed, 
processed and secreted. In particular, Dr. Power's experiments demonstrated 
that the 350 amino acid form of VEGF-2 can be expressed, processed and 
secreted from cells when attached to a heterologous signal sequence as 
specifically taught by the HGS patent specification, {see HGS patent 
specification at page 14, lines 6 to 19). 

In particular, Dr. Alitalo fails to acknowledge that the HGS patent 
specification specifically teaches the construction of expression vectors which 
comprise the 350 amino acid sequence of VEGF-2 fused in frame with a signal 
sequence. The HGS patent specification provides: 

Generally, recombinant expression vectors will include .... [t]he 
heterologous structural sequence [is] assembled in appropriate phase 
with translation initiation and termination sequences, and preferably, a 
leader sequence capable of directing secretion of translated protein into 
the periplasmic space or extracellular medium, {see the HGS patent 
specification at page 14, lines 6 to 19, emphasis added). 

Dr. Alitalo has ignored the teaching of the HGS patent specification and has 
taken the position that no one familiar with the molecular biology of growth 
factors would utilize a heterologous signal sequence to achieve secretion of a 
secretory protein which has been identified to have a putative signal sequence. 
By following the teachings of the HGS patent specification, I believe I or a 
skilled molecular biologist could utilize a heterologous signal sequence in 
oraer 10 express, process anu sccicic mc amuiu a^u jashu ▼ — . 

Indeed, contrary to Dr. Alitalo's statements in Alitalo Declaration II, utilizing a 
heterologous signal sequence is clearly the approach that would be taken by 
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one familiar with the molecular biology of growth factors. One familiar with 
the molecular biology of growth factors equipped with the HGS patent 
specification would recognize that the 350 amino acid polypeptide is a 
secreted growth factor, and that if the 350 amino acid sequence did indeed 
contain a signal sequence such a sequence does not have the typical conserved 
motif of a signal sequence. Thus, if upon expression of the 350 amino acid 
form of VEGF-2, secretion of the protein did not occur, a skilled molecular 
biologist would utilize a strong signal sequence to ensure expression and 
secretion of the protein. Thus, Dr. Alitalo has taken a position which not only 
is clearly inconsistent with the teachings of the HGS patent specification, but 
is also contrary to the approach that the skilled molecular biologist would 
utilize. 

Dr. Alitalo not only clearly ignores the literal teaching of the HGS patent 
specification which describes VEGF-2 as a secreted growth factor {see, e.g. 
HGS patent specification at page 5, lines 25 to 33), but incorrectly attributes 
this recognition to his own research conducted two years subsequent to the 
filing date of the HGS patent specification (see Alitalo Declaration II ^ 2.2). 
Contrary to Dr. Alitalo' s statements in Alitalo Declaration II, the HGS patent 
specification filed March 1 994 accurately characterizes VEGF-2 as another 
member of the PDGF/VEGF family of secreted growth factors. 

In summary, Dr. Alitalo's failure to follow the teachings of the HGS patent 
specification in designing the experiments provided in Alitalo Declaration II 
prevents any meaningful conclusions from being drawn about the expression, 
proteolytic processing and secretion of VEGF-2 as taught in the HGS patent 
specification. 
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The Alitalo DeclarationU Fails to Refute that by Following the Teachings of 
the HGS Patent Specification the 350 Amino Acid VEGF-2 Protein Results 
in the Correct Expression. Secretion, and Processing of the Mature Form of 
VEGF-2. 

13. In my opinion, Dr. Alitalo fails to provide experimental evidence to contradict 
the fact that the 350 amino acid VEGF-2 fused in frame with a heterologous 
signal sequence results in the expression, secretion and proteolytic processing 
of a mature form of VEGF-2. 

14. In Alitalo Declaration II, Dr. Alitalo newly raises the issue that the HGS patent 
specification does not provide a description of the molecular weight of the 
approximately 30 kDa doublet, (see Alitalo Declaration n, 1|5.6). 

1 5 . One knowledgeable in the field of molecular biology would not require that 
the HGS patent specification provide the molecular weight of the secreted 
form of VEGF-2. Clearly, in following the teachings of the HQS patent 
specification, as demonstrated by Power Declaration I and Susan Power's 
Second Declaration ("Power Declaration II"), I or a molecular biologist would 
recognize that the 350 amino acid sequence of VEGF-2 can be processed to a 
mature form of VEGF-2 by the cell. Therefore, a molecular biologist provided 
with the teaching of the HGS patent specification would be able to express 
VEGF-2 as its naturally processed mature form. Further, a molecular biologist 
provided with the teaching of the HGS patent specification would recognize 
that the molecular weight of the resulting processed mature form of VEGF-2 is 
an intrinsic and natural property of that molecule. 

1 Resides molecular weight, the amino acid sequence of a particular protein is 
also an inherent property of that protein. Statements that Dr Heldin, an 
apparent colleague of Dr. Alitalo, has made in support of the prosecution of 
Dr. Alitalo's U.S. Patent No. 6,221,839 are in agreement with this conclusion. 



NY2 - 1280863.1 



THIS PAGE BLANK (usfto) 



In particular, Dr. Heldin has stated: "It is fundamental biochemistry that 
polypeptides are organic chemical compounds, albeit sometimes large and 
complex ones. Like all organic chemical compounds, polypeptides may be 
characterized by any of several inherent physical properties, such as 
molecular formula and molecular weight. Such physical properties are 
inherent characteristics of organic molecules in that they are intrinsic 
properties of the molecules. Because polypeptides are themselves composed 
of covalently-bonded chains of smaller organic moieties called amino acids (of 
which there are about 20 naturally occurring), it is conventional to express the 
molecular formula of polypeptides, as an amino acid sequence. The amino 
acid sequence of any polypeptide is an inherent property of that polypeptide." 

(see, the Declaration by Dr. Carl-Henrik Heldin, executed June 4, 1 997, 
provided to the U.S. Patent & Trademark Office during prosecution of U.S. 
Patent No. 6,221,839, the "Heldin Declaration", at page 6, emphasis added). 

17. Thus, I or a molecular biologist following the teachings of the HGS patent 
specification to express the 350 amino acid VEGF-2 polypeptide would 
recognize that the molecular weight and the amino acid sequence of the 
naturally processed and secreted form of VEGF-2 is an inherent feature of that 
polypeptide. Hence, it would be unnecessary for the HGS patent specification 
to have reported the molecular weight of the 30kDa doublet and 23kDa 
secreted forms of VEGF-2, because I or a molecular biologist, just like Dr. 
Heldin, would recognize that the molecular weight and the amino acid 
sequence is an inherent property of the 350 amino acid form of VEGF-2. 

1 8. Additionally, the Alitalo Declaration II newly raises the issue that the 
processing of the 350 amino acid protein as taught by the HGS patent 
specification would be incorrect, (see e.g., Aiiiaiu Dcuim alien II % 3.7 or " 
5.5). 
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The only information and signals required by a host cell to express and process 
VEGF-2 to its mature form is contained in the amino acid sequence of 
VEGF-2. Any given host cell, i.e., a mammalian host cell, will have the 
proteolytic enzymes and cellular machinery to naturally process VEGF-2 to its 
mature form. Thus, following the teachings of the HGS specification, the 350 
amino acid VEGF-2 polypeptide is naturally and intrinsically processed to its 
mature form, as demonstrated by the results presented in Power Declaration I 
and H. 

I have reviewed and agree with the characterization of the inherent features of 
the processing of a biologically active mature form of VEGF-2 as provided by 
Dr. Alitalo himself in portions of the file histories of U.S. Patent Nos. 
6,221,839 and 6,245,530. 

Accordingly, Dr. Alitalo has characterized the processing of VEGF-2 from 
various cell types, including both mammalian and insect expression systems 
and has observed that VEGF-2 is intrinsically and naturally processed to its 
mature form in a wide variety of cell types. (See, Declaration by Dr. Kari 
Alitalo, provided to the US. Patent & Trademark Office on June 10, 2000, in 
connection with prosecution of U.S. Patent No. 6,245,530, issued June 12, 
2001). Evidence of the intrinsic and natural processing of the polypeptide is 
further confirmed by the observations that the expression of the full length and 
portions of VEGF-2 in various cell types results in the processing and 
secretion of a biologically active mature form of VEGF-2. Indeed, Dr. Alitalo 
has observed that the expression of polypeptides corresponding to residues 
104 to 213 and 1 12 to 419 of the full length VEGF-2 polypeptide are correctly 
processed to mature forms of VEGF-2 that retain VEGF-2 biological activity. 
(See, Declaration by Dr. Kari Aliialo, provided to the U.S. Patent 8l 
Trademark Office on December 1, 1997, in connection with the prosecution of 
U.S. Patent No. 6,245,530; see also, Declaration by Dr. Kari Alitalo, provided 
to the U.S. Patent & Trademark Office on July 24, 2000, in connection with 
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the prosecution of U.S. Patent No. 6,221,839; the file histories of both U.S. 
Patents are annexed hereto as Appendices H and HI, respectively). 

Thus, as Dr. Alitalo has concluded, I or a molecular biologist would also 
conclude that the full length and portions of the VEGF-2 polypeptide are 
intrinsically and naturally processed to a biologically active mature form. 
Likewise, when appropriately expressed as taught by the HGS patent 
specification, the 350 amino acid form of VEGF-2 contains all of the signals 
required for the processing of the protein to its biologically active mature 
form. 

The Alitalo Declaration II Fails to Design Experiments that Allows for 
Meaningful Conclusions with Respect to the Analysis of VEGF-2 as Taught 
in the HGS Patent Specification. 

Dr. Alitalo indicates that the experiments reported in Alitalo Declaration II 
confirm the results of the experiments in Alitalo Declaration I and eliminate 
any criticisms of the experimental design described in Alitalo Declaration I. 
However, the criticisms of the experimental design described in Alitalo 
Declaration II have not been addressed because the experimental design 
reported in Alitalo Declaration II is also flawed and cannot support any 
conclusions made with respect to the expression, secretion and processing of 
VEGF-2 as taught in the HGS patent specification. In particular, the 
experiments reported in Alitalo Declaration II fail to include experimental 
controls to address any potential problems with expression vectors, cells, 
trans fection, and conditions and parameters which might affect the 
comparative analysis of the 350 amino acid VEGF-2 and the 419 amino acid 
VEGF-2. I discuss these faulty experiments below. 

Dr. Altilo's conclusions regarding the level of expression of 350 amino acid 
form of VEGF-2 as compared to the expression of 419 amino acid form of 
VEGF-2 are meaningless because no experiments were conducted to 
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determine the transfection efficiency of the plasmids used — thus preventing 
the drawing of any validquantitative comparisons-regarding expression 
efficiencies from the data obtained. Disparate parameters such as cell 
densities or growth conditions can affect the transfection efficiency of 
expression constructs into cells. The transfection efficiency will directly 
correlate with the level of protein expression detected. Clearly if fewer cells 
contain the construct, fewer cells will express the protein encoded by the 
construct. Accordingly, any differences in the relative transfection efficiency 
of the VEGF-2 plasmids utilized in Dr. Alitalo 's experiments would affect the 
comparative detection of levels of VEGF-2 protein. Dr. Alitalo does not 
provide experiments to demonstrate that following transfection, the same 
percentage of cells contained each expression construct. In fact, if the 
transfection efficiency of the 350 amino acid form of VEGF-2 were very low, 
very few cells would produce protein expressed from the construct and 
expression and secretion of VEGF-2 protein would be difficult to detect. 
Without determining transfection efficiency, any conclusion about levels of 
protein expressed and detected is meaningless. 

25. Dr. Alitalo also speculates that the VEGF-2 as taught in the HGS patent 
specification is not secreted, but rather is rapidly degraded in cells, (see 
Alitalo Declaration II U 3.9). This speculation has not been affirmatively 
confirmed by any of the experimental results described in Alitalo Declaration 
II. Assuming arguendo that normally secreted VEGF-2 is rapidly degraded in 
the cell, then any additional time period that passes before cells are assayed for 
the presence of VEGF-2 protein would result in the inability to detect the 
presence of VEGF-2 protein. Furthermore, the experimental protocol 
described in Alitalo Declaration II does not allow for detection of VEGF-2 
protein expression over various time points. Rauici, protein levels arc 
assessed fifty hours post-transfection (forty-eight hours and overnight 
metabolic labeling). Without allowing for the detection of VEGF-2 protein 
that is purportedly expressed yet degraded with the passage of time over 
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various periods of time, the conclusions of Dr. Alitalo regarding expression 
arid degradation are merely speculative; 



The Alitalo Declaration II Fails to Draw Credible Conclusions with Respect 
to the Expression. Secretion and Processing of VEGF-2 as Taught in the 
HGS Patent Specification. 

26. In summary, the flaws introduced into the experimental design and protocols 
of Dr. Alitalo render the experimental results inconclusive. As discussed 
above, in the absence of appropriate controls, comparative analysis is 
meaningless because disparate conditions and parameters will affect the 
expression, secretion and processing profiles of 350 amino acid VEGF-2 and 
419 amino acid VEGF-2. In any comparative analysis, results are 
meaningless without the assurance that unnecessary variables are eliminated. 
The failure to include basic experimental controls to ascertain that there would 
be no problems with the expression vectors, cells, transfection efficiency, 
growth conditions or other parameters which affect any comparative analysis 
of 350 amino acid VEGF-2 and 419 amino acid VEGF-2 precludes making 
any meaningful conclusions. 

The Alitalo Declaration II Fails to Recognize that the 350 Amino Acid 
VEGF-2 Is Provided by the HGS Patent Specification 

27. Alitalo Declaration II purports to provide a sequence analysis of the VEGF-2 
clone deposited with the American Type Culture Collection as ATCC 
Accession Number 75698. Based on his analysis, Dr. Alitalo alleges that the 
deposited clone does not have the complete 350 amino acid sequence when 
compared Lu llic sequence set forth in Figure 1 of the HGS patent 
specification. However, in my opinion given that Figure 1 of the HGS patent 
specification does contain the complete 350 amino acid coding sequence, as 
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even Dr. Alitalo agrees, I fail to see the criticality of Dr. Alitalo's sequence 
data. 

Power Declaration II clearly demonstrates that even assuming arguendo that 
the DNA deposited in ATCC Deposit No. 75698 was missing the first 24 
amino acids ("the 326 amino acid form of VEGF-2"), both the 350 amino acid 
form and the 326 amino acid form are processed to the same molecular weight 
species as compared to the 419 amino acid form of VEGF-2. When expressed 
as taught by the HGS patent specification, the 350 amino acid form and the 
326 amino acid form are both processed to a protein which resolves as a 
doublet at approximately 30 kDa, as does the 419 amino acid form. (Power 
Declaration II at Tf 3 1). I note that the experimental design of Power 
Declaration II includes appropriate controls to address transfection 
efficiencies, sequence confirmation of expression constructs, and controls 
eliminating any disparities in cell densities or growth conditions, as would be 
the standard practice of a skilled molecular biologist. 

Furthermore, the results presented in Power Declaration II clearly evince that 
even if the DNA deposited in ATCC Deposit No. 75698 did not contain the 
complete nucleotide sequence provided in Figure 1 of the HGS patent 
specification, I or a skilled molecular biologist, would have been able to 
generate the complete 350 amino acid coding sequence based on the 
nucleotide sequence provided in Figure 1 of the HGS patent specification in 
combination with standard recombinant techniques known as of March 1994. 
An example of an approach I could possibly use is the same approach actually 
used in Power Declaration II, that is, using the sequence provided in Figure 1 
of the HGS patent specification, a double stranded oligonucleotide containing 
the missing sequence is synthesized and is iigaicu iu LLc DNA obtained from 
the ATCC, thus recreating the coding sequence of the 350 amino acid form. 
Alternatively, the template for the PCR reaction could have been obtained by 
reverse transcription, a technique readily available in March, 1994, using RNA 
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from sources provided by the HGS patent specification, such as, early stage 
human embryo osteoclastomas, adult heart or several breast cancer cell lines 
(see, the HGS patent specification at page 5, lines 19-24, Example 1 and 
Figure 5). Additionally, I or a skilled molecular biologist, could follow the 
teachings of the examples provided in the HGS patent specification and obtain 
the nucleotide sequence encoding either the 419 or the 350 amino acid form of 
VEGF-2 from a cDNA library derived from early stage human embryo week 9 
(see, the HGS patent specification at page 5, lines 19-24). 

CONCLUSIONS 



30. In sum, the experiments reported in Alitalo Declaration II are not designed to 
accurately assess the expression of 350 amino acid VEGF-2 as taught in the 
HGS patent specification. I additionally note that Dr. Alitalo' s 
mischaracterization of the expression profile of VEGF-2 as taught in the 
application, based on the data generated from experimental design without 
basis in the teachings of the application is exaggerated by the additional flaws 
introduced into his experimental protocol. Finally, I note that I am in 
agreement with Dr. Alitalo 's and Dr. Heldin's comments presented in the 
course of obtaining his own VEGF-2 patents which reflect Dr. Alitalo 's 
recognition that the 350 amino acid VEGF-2 can be naturally processed to its 
mature form and that the molecular weight and the amino acid sequence of the 
resulting processed mature form of VEGF-2 are intrinsic and natural properties 
of that molecule. 

AND I declare further that all statements made in this Declaration of my own are true 
every particular, and that all statements made on information and belief are believed to be 



L , .. _ _ _ A . - .JMH^/) 

Swom by the said Dr. Stuart Aaronson , O t/u*v\j L^K^v^^ip^ 

:w York, on t his^la'^ay of March 2002; 



New York, New 

before me 

Notary Public 
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SEQUENCE ANALYSIS DEMONSTRATING VEGF-C AND 



VEGF-2 ARE THE SAME MOLECULE 



VEGF-C MHLLGFFSVACSLLAAALLPGPREAPAAAAAFESGLDLSDAEPDAGEATAYASKDLEEQL 
VEGF-2 MHSLGFFSVACSLIAAALLPGPREAPAAAAAFESGLDLSDAEPDAGEATAYASKDLEEQL 
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VEGF-C RSVSSVDEL ^4TVLYPE YWKMYKCQLRKGGWQHNREQANIiNSRTEET I KFAAAH YNTE I LK 

VEGF- 2 RSVSSVDEL ^TVLYPEYWKMYKCQLRKGGWQHNREQANIiNSRTEETIKFAAAH YNTE ILK 
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VEGF-C SIDNEWRKTQCMPREVCIDVGKEFGVATNTFETCPPCVSVYRCGGCCNSEGLQCMNTSTSY 180 

VEGF- 2 SIDNEWRKTQCMPREVCIDVGKEFGVATNTFFKPPGVSVYRCGGCCNSEGLQCMNTSTSY 

VEGF-C LSKTLFEITVPLSQGPKPVTISFANHTSCRCMSKLDVYRQVHSIIRRSLPATLPQCQAAN 2 4 0 

VEGF-2 LSKTLFEITVPLSQGPKPVTISFANHTSCRCMSKLDVYRQVHSIIRRSLPATLPQCQAAN 

VEGF-C KTCPTNYMWNNHICRCIAQEDFMFSSDAGDDSTDGFHDICGPNKELDEETCQCVCRAGLR 300 

VEGF-2 KTCPTNYMWNNHICRCLAQEDFMFSSDAGDDSTDGFHDICGPNKELDEETCQCVCRAGLR . 



VEGF-C PASCGPHKELDRNSCQCVCKNKLFPSQCGANREFDENTCQCVCKRTCPRNQPLNPGKCAC 
VEGF-2 PASCGPHKELDRNSCQCVCKNKLFPSQCGANREFDENTCQCVCKRTCPRNQPLNPGKCAC 



360 



VEGF-C ECTESPQKCLLKGKKFHHQTCSCYRRPCTNRQKACEPGFSYSEEVCRCVPSYWKRPQMS 
VEGF-2 ECTESPQKCLLKGKKFHHQTCSCYRRPCTNRQKACEPGFSYSEEVCRCVPSYWQRPQMS 



419 



The consensus line: 

* = Indicates substitutions that are neither conserved nor semi-conserved. 

: = indicates conserved substitutions. 

. = indicates semi-conserved substitutions. 
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RECEPTOR LICAND to heparin sulfate proteoglycans in the subendothelial extra- 

cellular matrix from which it may be released after injury. 
This is a continuation-in-part of VS. patent application Heparin potentiates the stimulation of endothelial cell pro- 
Ser. No. 08/510.133, filed Aug. 1, 1995. liferation by angiogenic FGFs, both by protecting against 

r.r, f, /vr^n.,^™-.™^, 3 denaturation and degradation and dimerizing the FGFs. 

FIELD OF THE INVENTION . c uIlured cndolncliaI Ac FGF ., re |. plor but no 

The present invention generally relates to the field of significant levels of other high-affinity fibroblast growth 

genetic engineering and more particularly to growth factors factor receptors. 

for endothelial cells and growth factor genes. Among other Hgands for receptor tyrosine kinases, the 

„ * ~ m ^„ . 10 platelet derived growth factor. PDGF-BB, has been shown to 

BACKGROUND OF THE INVENTION ^ weafc jy angiogenic in the chick chorioallantoic mem- 

Developmental growth, the remodelling and regeneration brane. Risau. et al„ Gmuth Factors. 7:261-266 (1992). 

of adult tissues, as well as solid tumor growth, can only Transforming growth factor a (TGFa) is an angiogenic 

occur when accompanied by blood vessel formation. Angio- factor secreted by several tumor cell types and by macroph- 
blasts and hematopoietic precursor cells differentiate from 15 a S cs - Hepatocyte growth factor (HGF). the ligand of the 

me mesoderm and form the blood islands of the yolk sac and c " m . el proto-oncogene-encoded receptor, also is strongly 

the primary vascular system of the embryo. The develop- angiogenic. 

ment of blood vessels from these early (in situ) differcnti- Recent evidence shows that there are endothelial cell 

ating endothelial cells is termed vasculogenesis. Major specific growth factors and receptors that may be primarily 

embryonic blood vessels are believed to arise via responsible for the stimulation of endothelial cell growth, 

vasculogenesis. whereas the formation of the rest of the differentiation and certain differentiated functions. The best 

vascular tree is thought to occur as a result of vascular studied of these is vascular endothelial growth factor 

sprouting from pre-existing vessels, a process called (VEGF), a member of the PDGF family. Vascular endothe- 

angiogenesis. Risau. et al.. DeveL Biol.. 125:441-450 Hal growth factor is a dtmeric glycoprotein of disulfide- 

(1988). linked 23 kDa subunits. Other reported effects of VEGF 

Endothelial cells give rise to several types of functionally include the mobilization of intracellular calcium, the induc- 

and morphologically distinct vessels. When organs differ- tion of plasminogen activator and plasminogen activator 

entiate and begin to perform their specific functions, the inhibitor- 1 synthesis, stimulation of hexose transport in 
phenotypic heterogeneity of endothelial cells increases. , 0 endothelial cells, and promotion of monocyte migration in 

Upon angiogenic stimulation, endothelial cells mav re-enter " vilro - Four V EGF isofomis. encoded by distinct mRNA 

the cell cycle, migrate, withdraw from the cell cycle and s P ,icc variants, appear to be equally capable of stimulating 

subsequently differentiate again to form new vessels that are mitogenesis in endothelial cells. However, each isoform has 

functionally adapted to their tissue environment. Endothelial a different affinity for cell surface proteoglycans, which 
cells undergoing angiogenesis degrade the underlying base- „ behave as low affinity receptors for VEGF. The 121 and 165 

ment membrane and migrate, forming capillary sprouts that ' amino acid informs of VEGF are secreted in a soluble form, 

project into the perivascular stroma. Ausprunk. et al.. whereas the isoforms of 189 and 206 amino acid residues 

Micmvasc. Rev* 14 J 1-65 (1977). Angiogenesis during remain cell surface associated and have a strong affinity for 

tissue development and regeneration depends on the tightly heparin. 

controlled processes of endothelial cell proliferation, ^ VEGF was originally purified from several sources on the 

migration, differentiation, and survival. Dysfunction of the basis of its mitogenic activity toward endothelial cells, and 

endothelial cell regulatory system is a key feature of many also by its ability to induce microvascular permeability, 

diseases. Most significantly, tumor growth and metastasis hence it is also called vascular permeability factor (VPF). 

have been shown to be angiogenesis dependent. Folkman.et VEGF produces signals through two receptor tyrosine 

aU J. Biol Cherry 267: 10931-10934 (1992). 4S kinases. VEGFR- 1 (FLT-1) and VEGFR-2 (KDR/FIk-1), 

Key signals regulating cell growth and differentiation are wnicn m expressed specifically on endothelial cells. The 

mediated by polypeptide growth factors and their transmem- VEGF-related placenta growth factor (P1GF) was recently 

brane receptors, many of which are tyrosine kinases. Auto- ^ "> bind to VEGFR- 1 with high affinity. PIGF was able 

phosphorylated peptides within the tyrosine kinase insert to enhance the growth factor activity of VEGF. but it did not 

and carboxyl-tenninal sequences of activated receptors arc 50 "'""Hate endothelial cells on its own. Naturally occurring 

commonly recognized by kinase substrates involved in VEGF/P1GF heterodimers were nearly as potent mitogens as 

signal transduction for the readjustment of gene expression VEGF homodimers for endothelial cells, 

in responding cells. Several families of receptor tyrosine The pattern of VEGF expression suggests its involvement 

kinases have been characterized. Van der Geer. et al.. Ann. in the development and maintenance of the normal vascular 
Rev. Celt Biol.. 10:251-337 (1994). The major growth 35. system and in tumor angiogenesis. During murine 

factors and receptors transducing angiogenic stimuli are development, the entire 7 J day post-coital (p.c.) endoderm 

, schematically shown in FIG.- 1. ■ ' - -- expresses vtur and iiic vchukum „.u.^::;oi;.— ™ 

Fibroblast growth factors are also known to be involved . duces VEGF at the capillary ingrowth stage. See Breier, et 

. in the regulation of angiogenesis. They have been shown to Development. 1 14:52 1-523 ( 1992). On day two of quail 

be mitogenic and chemotactic for cultured endothelial cells. 60 development, the vascularized area of the yolk sac as well as 

Fibroblast growth factors also stimulate the production of Ihc whole embryo show expression of VEGF. In addition. 

. proteases, such as collagenases and plasminogen activators, epithelial cells next to fenestrated endothelia in adult mice 

and induce tube formation by endothelial cells. Sakscla. ct show persistent VEGF expression, suggesting a role in the 

/al., Ann. Rev. Cell BioL 4:93^126 (1988). There are two maintenance of this specific endothelial phenotype and 

genera] classes of fibroblast growth factors. FGF- 1 and 65 function. 

FGF-2. both of which lack conventional signal peptides. Two high affinity recep< or * for VEGF have been charac- 

Both types have an affinity for heparin and FGF-2 is bound terized. These are VEGFR- 1 /Fit- 1 (fms-likc tyrosine kinase- 
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I) and VEGFR-2/Kdr/Flk-l (kinase insert domain contain- Thus, in a related aspect, the invention includes a purified 

ing receptor/fetal liver kinase- 1). Those receptors are and isolated polypeptide comprising amino acids 1-317 of 

classified in the PDGF-receptor family, but they have seven SEQ ID NO; 33. The Flt4 ligand precursor is proteolyucally 

rather than five immunoglobulin-like loops in their extra- cleaved upon expression 10 produce an approximately 23 kD 

cellular domain and they possess a longer kinase insert than 5 peptide which is the Fli4 ligand (herein designated VEGF- 

normally observed in this family. The expression of VEGF c >- Thus, the invention includes a polypeptide having an 

receptors occurs mainly in vascular endothelial cells. amino acid sequence comprising a portion of SEQ ID 

although some may be present on monocytes and melanoma N< ? 3 ?: *? P° m ° n encodin S a fragment capable of specifi- 

cells. Only endothelial cells have been reported to proliferate caily binding to Rt4 A preferred fragment has a molecular 

in response to VEGF. and endothelial cells from different to ™& h } of ^J?. 23 » *"**4*y SDS-PAGE under 

sourceVshow different responses. Thus, the signals mediated rcduc,n S "naaaons. In a preferred embodiment of the 

through VEGFR-I and VECFR-2 appear w be cell tvpe in ™ uon - ™ S * ^c^^^S 
s ^ i g^ ' 1 product of the precursor peptide shown in SEQ ID NO: 33 

_ ... . . . and which has a molecular weight of approximately 23 kD 

The FIt4 receptor tyrosine kinase (VEGFR-3) is closely undcr reducing conditions. 

in sxructu^io the products of the VEGFR-I and » £vM ^ ^ 

VEGFR-2 genes Despite dm s t nylanty, ^ mature form of rclainin . ni4 ^ activj « con(aincd ttilhin approxi . 

FIt4 differs from the VEGF receptors in that it is proteolytic . , „ • i nft ./ccnrnwA . j .v r . .. 

„ , . i. t j • • .J, mately amino acids 1-120 of SEQ ID NO: 33. and that the 

cal y cleaved in the ^extracellular ^omain into .two disulfide- prote ; iytic cle lo ^ a malure . nalura „ v _ 

' . ( ^ h 2iZ£2 ™ J?*? ^ ? acids , - |S0 of SE Q ID NO: 33. Accordingly, preferred 

encode polypeptides which differ mt^ Oterm.ni due to p^p^ of me invemion - mcludc pdj-peprides compris- 

the use of alternative 3 exons. The VEGFs do no show . acidj ,_ I20 U| , ,.,£^23. 1-124 . . . 

specific binding to FU4 or induce its autophosphorylauon. j_ |78 ,_ I70 ^ ,_ l80 of SE q 1D NO: 3X wncrein said 

Expression of Flt4 appears to be more restricted than polypeptides specifically bind to an Flt4 receptor tyrosine 

expression of VEGFR-1 or VEGFR-2. The expression of kinase. A preferred FU4 ligand comprises approximately 

Flt4 first becomes detectable by in situ hybridization in the amino acids i_i20 of SEQ ID NO: 33. Another preferred 

angioblasts of head mesenchyme, the cardinal vein, and polypeptide of the invemion comprises approximately 

cxtraembryonicaUy in the allamois of 8.5 day p.c. mouse amino acids 1- 1 SO of SEQ ID NO: 33. 

embryos. In 12.5 day p.c. embryos, the Flt4 signal is The present invention also provides a cDNA encoding a 

observed in developing venous and presumptive lymphatic 30 nove , polypeptide, designated VEGF-C. that is structurally 

endotheha, but artenal endotheha appear negative. During homologous to VEGF. VEGF-C is a ligand for the FLT4 

later stages of development, FIt4 mRNA becomes restricted receptor tyrosine kinase (VEGFR-3). a receptor tyrosine 

to developmg lymphatic vessels. Only the lymphatic endot- kinase rebtcd w VEGFR-I and VEGFR-2 that does not bind 

heha and some high endothelial venules express Flt4 mRNA VEGF. VEGFR-3 is expressed in venous and Ijmphatic 

in adult human tissues and increased expression occurs in cndothcJia of fcta] tissucs and predominantly in lymphatic 

lymphauc sinuses in metastatic lymph nodes and in lym- endothelial of adult tissues. Kaipainen et a!.. Cancer Res.. 

phangioma. These results support the theory of the venous 34:6571-77 (1994): Kaipainen et al.. Proc. Ate/. Acad. Sci. 

origin of lymphatic vessels. USA. 92:3566-70 ( 1995). 

Five endothelial cell specific receptor tyrosine kinases. Thus, in a preferred embodiment, the invention includes 

Fit-! (VEGFR-I). KDR/Flk-I (VEGFR-2), Flt4. Tie and a purified and isolated nucleic acid (e.g., a DNA or an RNA) 

Tek/Tie-2 have so far been described, which possess the • encoding an Flt4 ligand precursor. Due to the degeneracy of 

intrinsic tyrosine kinase activity. essential for signal trans-- the genetic code, numerous such coding sequences are 

auction. Targeted mutations inactivating. Flt-1, FIk-1. Tie possible, each having in common the coding of the amino 
and Tek in mouse embryos have indicated their essential and 4 , acid sequence shown in SEQ ID NO 33. As set forth above, 

specific roles in vascutogenesis and angiogenesU at the " the invention includes polypeptides which comprise a por- 

molecular lcveL VEGFR-1 and VEGFR-2 bind VEGF with uon of ^ amino acid sequence shown in SEQ ID NO: 33 

high affinity (Kd 16 pM and 760. pM.. respectively) and and which bind the Fli4 receptor tyrosine kinase (herein 

VEGFR-I also binds the related placenta growth factor designated VEGFR-3); the invention also is intended to 

(P1CF; Kd about 200 pM). while the ligands for Tie. Tek. ^ include nucleic acids encoding these polypeptides. Ligand 

and FIt4 have not yet been reported, ... precursors according to the invention, when expressed in an 

SUMMARY OF THE INVENTION appropriate host ceU. produce, via cleavage, a peptide which 

binds specifically to the FU4 receptor tyrosine kinase 

The present invention provides a ligand . for the Flt4 (VEGFR-3). The nucleotide sequence shown in SEQ ID 

receptor tyrosine kinase. Thus, the invention provides a 55 NO:32 contains a preferred nucleotide sequence encoding 

purified and isolated polypeptide which specifically binds to the Flt4 ligand (VEGF-C). 

me Ht4 receptOT.tyrosine kinase. ^ The present invention also provides a cell line which 

the ligand comprises a fragment of the amino acid sequence produces an FH4 ligand. The ligand may be purified and 

shown in SEQ ID NO: 33 which specifically binds to the isolated directly from the cell culture medium. Also pro- 

Flt4 receptor tyrosine kinase. w vided are vectors comprising a DNA encoding the Flt4 

The present invention also provides a precursor of an Flt4 ligand. and host cells comprising the vectors. Preferred 

ligand, wherein the precursor comprises the amino acid vectors of the invention are capable of expressing the FU4 

sequence shown in SEQ ID NO: 33. Thus, the . invention ligand under the control of appropriate promoters and other 

includes a purified and isolated polypeptide having the control sequences. A preferred vector of the invention is 

amino acid sequence shown in SEQ ID NO: 33: w plasraid pFLT4-L having ATCC accession no. 97231. 

A putative 33 amino acid signal peptide. has been tdenti- The invention further includes a method of making 

fied in the amino acid sequence shown in SEQ ID NO: 33. polypeptides of the invention. In a preferred method, a 
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nucleic acid or vector of the invention is expressed in a host 
cell, and a polypeptide of the invention is purified from the 
host cell or the host cell growth medium. 

In another aspect, the invention includes an antibody 
which is specifically reactive with polypeptides of the inven- 3 
tion. Antibodies, both monoclonal and polyclonal, may be 
made against a ligahd of the invention according to standard 
techniques in the art. Such antibodies may be used in 
diagnostic applications to monitor angiogenesis. 
vascularization, lymphatic vessels and their disease states, 10 
wound healing, or certain hematopoietic or leukemia cells, 
or they may be used to block or activate the Flt4 receptor. 

Ligands according to the invention may be labeled with a 
detectable label and used to identify their corresponding 
receptors in situ. Labeled Flt4 ligand and anti-FU4 ligand 
antibodies may be used as imaging agents, in the detection of 
lymphatic vessels, high endothelial venules, and FU4 recep- 
tors expressed in histochemical tissue sections. The ligand or 
antibody may be covalently or non-covalently coupled to a 
suitable stipermagnetic, s paramagnetic, electron dense, 20 
echogenic, or radioactive agent for imaging. Other, non- 
radioactive labels, such as biotin and avidin. may also be 
used. , 

The present invention also provides diagnostic and clini- ^ 
cal applications for claimed ligands. In a preferred 
embodiment, FU4 ligands or precursors are used to accel- 
erate angiogenesis. e.g., during wound healing, or to pro- 
mote the endothelial functions of lymphatic vessels. Ligands 
may be applied in any suitable manner using an appropriate ^ 
pharmaceutically-acceptable vehicle. Ligands also may be 
used 'to quantify future metastatic risk by assaying biopsy 
material for the presence of active receptors or ligands in a 
binding assay or kit using detectably-labeled ligand. An Flt4 
ligand according to the invention also may be used to 35 
promote re-growth or permeability of lymphatic vessels in. 
for example, organ transplant patients. Ligands according to 
the invention also may be used to treat or prevent , 
inflammation, edema, aplasia of the lymphatic vessels, lym- 
phatic obstruction, elephantiasis, and Milroy's disease. ^ 
Finally. FU4 ligands may be used to stimulate lymphocyte 
production. and maturation, and to promote or inhibit traf- 
ficking of leukocytes between tissues and lymphatic vessels 
or to affect migration in and out of the thymus. 

Inhibitors of (he FU4 ligand may be used to control 4 < 
endothelial cell proliferation and lymphangiomas. For 
example, such inhibitors may be used to arrest metastatic 
growth or spread, or to control other aspects of endothelial 
cell expression and growth. Inhibitors include antibodies, 
ami sense oligonucleotides, and peptides which block the 50 
FU4 receptor, all of which are intended as aspects of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram showing major endothelial 55 
™" rc™p;~ !yr?rint hi— "V £rry"! fc r <*"-«• k-*^i ; n 
vasculogenesis and angiogenesis. 

FIGS. 2A and 2B schematically depict the construction of 
the pLTRFlt4I expression vector. 

FIG.. 3 schematically depicts the construction of the 
baculovirus vector encoding a secreted soluble Flt4 extra- 
cellular domain (FU4EC). . 

FIG. 4 shows results of stimulation of FIt4 autophospho- 
rylation by conditioned medium from PC-3 cell cultures. 

FIGS. 5A. SB, and 5C show that the major tyrosyl 
phosphorylateii polypeptide of FU4-transfected cells itimii- 
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lated with PC-3 conditioned medium is the 125 kD Flt4 
polypeptide (VEGFR-3). 

FIG. 6 shows Western analysis of the Flt4 ligand activity 
isolated from PC-3 conditioned medium. 

FIG. 7 shows results of gel electrophoresis of chromato- 
graphic fractions from the affinity purification of FIt4 ligand 
(VEGF-C) isolated from PC-3 conditioned medium. 

FIG. 8 shows results of Western analysis of Flt4 auto- 
phosphorylation induced by either the FU4 ligand (VEGF- 
C). VEGF, or P1GF. 

FIG. 9 A schematically depicts the cloning and analysis of 
the FU4 ligand. VEGF-C. The VEGF-C coding sequence 
(shaded boxes) and signal sequence (ss) are depicted 
between 5* and 3' untranslated (ut) nucleic acid regions. 

FIGS. 9B-D show the nucleotide and deduced amino acid 
sequence of the coding portion of FIt4 ligand cDNA. The 
cleavage site for the putative signal pepetide is indicated 
with a shaded triangle. 

FIGS. 10A-D show a comparison of the deduced amino 
acid sequences of PDGF-A (SEQ ID NO: 36); PDGF-B 
(SEQ ID NO: 37): two P1GF isofomis (SEQ ID NOs: 38 and 
39): four VEGF isoforms (SEQ ID NOs: 40-43): and Flt4 
ligand (VEGF-C) (SEQ ID NO: 33). 

FIG. 11 shows the stimulation of autophosphorylation of 
the Flt4 receptor by conditioned medium from cells trans- 
fected with the Flt4-L (VEGF-C) expression vector. 

FIG. 12 shows Northern blotting analysis of FU4-L 
(VEGF-C) mRNA in tumor cell lines and in brain tissue. 

FIG. 13A is an autoradiograph showing recombinant 
VEGF-C isolated following a pulse-chase experiment and 
electrophoresed via SDS-PAGE under reducing conditions. 

FIG. I3B is a photograph of polyacrylamide gel showing 
that recombinant VEGF-C forms are disulfide-linked in 
nonreducing conditions. 

FIGS. 14 A and 14 B depict Western blots showing that 
VEGF-C stimulates autophosphorylation of VEGFR-2 
(KDR) but has no effect on PDGFR-B phosphorylation. 

FIGS. 15A and 15B show that VEGF-C stimulates endot- 
helial cell migration in a three-dimensional collagen gel 
assay. 

FIG. 16A shows the expression of VEGF-C mRNA in 
human adult tissues. 

FIG. I6B shows the expression of VEGF, VEGF-B. and 
VEGF-C in selected human fetal tissues. 

FIG. 17 schematically depicts the chromosomal localiza- 
tion of the VEGF-C gene. 

FIG. 18 is a Northern blot hybridization study showing 
the effects of hypoxia on the mRNA expression of VEGF- A. 
VEGF-B and VEGF-C 

DETAILED DESCRIPTION OF THE 
INVENTION 

Described herein is the isolation of a novel vascular 
endothelial growui laciwr uuu urc t.iv»u.g cf - DMA ----- 
ing this growth factor from a cDNA library prepared from 
the human prostatic adenocarcinoma cell line PC-3. The 
isolated cDNA encodes a protein which is proteolytically 
processed and secreted to cell culture medium. The secreted 
protein, designated VEGF-C. binds to the extracellular 
domain of Flt4 (designated VEGFR-3) and induces tyrosine 
autophosphorylation of FU4 and VEGFR-2. VEGF-C also 
stimulates the migration of endothelial cells in collagen gel. 

The present invention also is directed to novel growth 
factors which are ligand* for the FU4 receptor tyrosine 
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kinase (VEGFR-3). Ligands of the invention are members of 88:133-40 (1990); Paulsson, et a!.. J. Mot. Biol., 
a family of plate let-derived growth factors/vascular endot- 21 1:331-49 (1990)). This novel C-terminal silk protein-tike 
helial growth factors which promote mitosis and prolifera- structural motif of VEGF-C may fold into an independent 

tion of vascular endothelial cells and/or mesodermal cells. domain, which, on the basis of the considerations above, is 

Ligands recognizing the Flt4 receptor tyrosine kinase were j at least partially cleaved off after biosynthesis. Interestingly, 

purified from a PC-3 prostatic adenocarcinoma cell " line at least one cysteine motif of the BR3P type is also found in 

(ATCC CRL1435). When applied to a population of cells the carboxyl terminus of VEGF. In our experiments both the 

expressing the Flt4 receptor. ligands of the invention stimu- putative precursor and cleaved ligand were detected in the 

late autophosphorylation, resulting in receptor activation- cell culture media, although processing was apparently 

The invention also provides inhibitors of the FH4 receptor, |0 cell-associated on the basis of the pulse-chase experiments, 

including antibodies directed against the ligand. A ligand The determination of the amino terminal sequence of the 

according to the invention may be coexpressed as a larger isolated carboxyl terminal fragment will allow the idenufi- 

precursor which is cleaved to produce the ligand. A coex- cation of the proteolytic processing site. The generation of 

pressed region in some cases resutts from alternative splic- antibodies against different parts of the VEGF-C molecule 

ing of RNA of the ligand gene. Such a co-expressed region |S will allow the exact determination of the precursor-product 

may be a function of the particular expression system used " relationship and ratio, their cellular distribution, and the 

to obtain the ligand. The skilled artisan understands that in kinetics of processing and secretion, 

recombinant production of proteins, additional sequence VEGF-C has a conserved pattern of eight cysteine 

may be expressed along with a functional peptide depending residues, which may participate in the formation of intra- 

upon the particular recombinant construct used to express 20 arid interchain disulfide bonds, creating an antiparallel 

the protein, and subsequently removed to obtain the desired dimeric biologically active molecule, similar to PDGF. 

ligand. In some cases the recombinant ligand can be made Mutational analysis of the cysteine residues involved in the 

lacking certain residues of the endogenous/natural ligand. interchain disulfide bridges has shown that, in contrast to 

Moreover, it is well-known in that conservative replace- PDGF, VEGF dimers need to be held together by these 

ments may be made in a protein which do not alter the 25 covalent interactions in order to maintain biological activity, 

function of the protein. Accordingly, it is anticipated that Disulfide linking of the VEGF-C polypeptide chain was 

such alterations are within the scope of the claims. It is evident in the analysts of VEGF-C in nonreducing condi- 

intended that the precursor sequence shown in SEQ ID NO: tions. 

33 is capable of stimulating the Flt4 ligand without any VEGFR-3, which thus distinguishes between VEGF and 

further processing in a manner similar to that in which 30 VEGF-C, is closely related in structure to VEGFR-1 and 

VEGF stimulates its receptor in its unprocessed form. VEGFR-2. Finnerty. et aL. Oncogene. 8:2293-98 (1993): 

Results reported herein show that VEGFR-3 transmits Galland, et al.. Oncogene, 8:1233-40 (1993): Pajusola. et 

signals for a novel growth factor. This conclusion is based on ah. Cancer Res.. 52:5738^*3 (1992). However, the mature 

the specific binding of VEGF-C to recombinant FU4EC (FU4 form of VEGFR-3 differs from the two other VEGFRs in 

extracellular domain) protein and the induction of VEGFR-3 35 that is is proteolytically cleaved in the extracellular domain 

autophosphorylation by medium from VEGF-C transfected into two disulfide-linked polypeptides. Pajusola, et aL, 

cells. In contrast. VEGF and PIGF did not show specific Oncogene. 9:3545-55 (1994). Another difference is that the 

binding to VEGFR-3 or induce its autophosphorylation. 4.5 and 5.8 kb VEGFR-3 mRNAs encode polypeptides 

A major part of the difference in the observed molecular differing in their C-termini and apparently in their signalling 

mass of the purified and recombinant VEGF-C and the 40 properties due to the use of alternative 3* exons. Borg et aL. 

deduced molecular mass of the VEGF-C encoded by the Oncogene. I0:973-*4 (1995); Pajusola et al. Oncogene. 

VEGF-C open reading frame (ORE) may be due to pro- 8:2931-37 (1993). 

teolytic removal of sequences in the carboxyl terminal Besides VEGFR-3. VEGFR-2 tyrosine kinase also is 

region of the latter. Proteolytic processing of the VEGF-C activated in response to VEGF-C. VEGFR-2 mediated sig- 

precursor may occur at more than one cleavage site because 43 nals cause striking changes in the morphology, actin reor- 

the 32 kD molecular mass of the recombinant secreted ganization and membrane ruffling of porcine aortic endot- 

ligand was also less than the deduced molecular mass of helial cells overexpressing this receptor. In these cells. 

VEGF-C ORF without the signal peptide. By extrapolation VEGFR-2 also mediated ligand-induced chemotaxis and 

from studies of the structure of PDGF (Heldin. et al„ Growth mitogenicity. Waltenberger et al.. J. Biol, Chcm. 

Factors. 8:245-52 (1993)). one can speculate that the region 50 269:26988-95 (1994). Similarly, the receptor chimera CSF- 

crirical for receptor binding and activation by VEGF-C is 1R/VEGFR-3 was mitogenic when ectopically expressed in 

contained within the amino-terminal first 180 or so amino NIH3T3 fibroblastic cells, but not in porcine aortic endot- 

acid residues of the secreted of VEGF-C protein lacking the helial cells (Pajusola et al, 1994). Consistent with such 

signal sequence. In fact, the region critical for receptor results, the bovine capillary endothelial cells (BCE). which 

binding and activation by VEGF-C is believed to be con- 55 express VEGFR-2 mRNAbut very little or no VEGFR-1 or 

Uined within the first approximately 120 amino acid resi T VEGFR-3 mRNAs, showed enhanced migration when 

dues of the secreted VEGF-C protein lacking the signal stimulated with VEGF-C. As shown here, light microscopy 

sequence. Thus, the 23 kD polypeptide binding VEGFR-3 is of the BCE cell cultures in collagen gel also suggested that 

likely to represent the VEGF-homoIogous domain. After VEGF-C stimulated the proliferation of these cells. The 

biosynthesis, the nascent VEGF-C polypeptide may be gly- to already existing data thus indicate that the VEGF ligands 

cosylated at three putative N-linked glycosylation sites and receptors show a great specificity in their signalling, 

identified in the deduced VEGF-C amino acid sequence.- which may be cell type dependent. 

The carboxyl terminal amino acid sequences, which The expression pattern of the VEGFR-3 (Kaipainen et al„ 

increase the length of the VEGF-C polypeptide in com pari- Proc SaiL Acad. ScL USA. 92:3566-70 (1995)) suggests 

son with other ligands of this family, show a pattern of 65 that VEGF-C may function in the formation of the venous 

spacing of cysteine residues reminiscent of the Balbiani ring and lymphatic vascular systems during embryogenesis. Con- 

3 protein (BR3P) sequence (Dignam and Case. Ccnc. stituiive expression of VEGF-C. in adult tissues shown 
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herein further suggests that this gene product also is Targeted mutagenesis leading to inactivation of the VEGF 

involved in the maintenance of the differentiated functions receptor loci in the mouse genome has shown that VEGFR- 1 

of the lymphatic endothelium where VEGFR-3 is expressed is necessary for the proper organization of endothelial cells 

(Kaipainen et al„ 1995)- Lymphatic capillaries do not have forming the vascular endothelium, while VEGFR -2 is nec- 

well formed basal laminae and an interesting possibility 5 ess ary f or the generation of both endothelial and hemato- 

remains that the silk-like BR3P motif is involved in pro- poietic cells. This suggests that the four genes of the VEGF 

during a supramolecular structure which could regulate the family can be targets for mutations leading to vascular 

availability of VEGF-C in tissues. However, as shown here. malformations or cardiovascular diseases. 

VEGF-C also activates VEGFR-2, which is abundant in _ , „ . , .„ , . ... 

p^Sferating endothelial cells of vascular sprouts and |B /^following Examples ^illustrate preferred embodiment 

branching vessels of embryonic tissues, but decreased in 10 of ^ invention, wherein the isolation, characterization, and 

adult tissues. Millauer et al.. Nature. 367:576-78 (1993). function of FU4 hgands and hgand-encodmg nucleic acids 

These data have suggested that VEGFR-2 is a major regu- according to the invention are shown, 
lator of vasculogenesis and angiogenesis. VEGF-C may thus 

have a unique effect in lymphatic endothelium and a more EXAMPLE 1 

redundant function shared with VEGF in angiogenesis and 15 Jm 

possibly permeability regulation of several types of endot- Production of pLTRFlt41 Expression Vector 

helia. Because VEGF-C stimulates VEGFR-2 and promotes Construction of the LTR-FU4I vector is schematically 

endothelial migrauon. a utility for VEGF-C is suggested as flnd JB ^ fu , Me m Htla cDNA 

an inducer of angiogenesis of^lorf^ (Genbank Accession No. X68203) was assembled by first 

wound healing, tissue transplantation, in eye diseases, in the 20 v , . l_ ^ I ' ' , . . _ . , . . 

^nation of foUateral^essels around arterial stenoses and subclorung A ^J^^^ " /Ti i ** 

into injured tissues after infarction. Concertos. 52:5738-5743 (1992) by ^refer- 

Taken together, these results show an increased complex- c " cc J lc ™ ri - fonta™ng b ^P airs of ** " * 1 

ity of signalling in the vascular endothelium. They reinforce «te of the pSP73 vector (Promega. Madison, 

the concept that when organs differentiate and begin to 25 Wis -'- 

perform their specific functions, the phenotypic heterogene- Since cDNA libraries used for screening of Fh4 cDNAs 

it>' of endothelial cells increases in several types of func- did not contain its most 5" protein-coding sequences, inverse 

tionally and morphologically distinct vessels. However. PCR was used for the amplification of the 5* end of FIt4 

upon suitable angiogenic stimuli, endothelial cells can corresponding to the first 12 amino acid residues 

re-enter the cell cycle, migrate, withdraw from the cell cycle 30 (MQRGAALCLRLW). PolyCA)* RNA was isolated from 

and subsequently differentiate again to form new vessels that HEL cells and double-stranded cDNA copy was synthesized 

are functionally adapted to their tissue environment. This using the Amersham cDNA Synthesis System Plus kit and a 

process of angiogenesis concurrent with tissue development gene specific primer 5 ' -TGTCCTCGCTGTCCTTGTCT- 3" 

and regeneration depends on the tightly controlled balance ... (SEQ ID NO: 1 K which was located 195 bp downstream of 

between positive and negative signals for endothelial cell 35 the 5' end of clone SZ5. Double stranded cDNA was treated 

proliferation, migration, differentiation and survival. with T4 DNA polymerase to blunt the ends and cDNA was 

Previously-identified growth factors promoting angiogen- purified with Centricon 100 filters (Amicon Inc.. Beverly, 

esis include the fibroblast growth factors, hepatocyte growth - Mass.). Circularization was made in a total volume of 150 

factor/scatter factor. PDGF and TGF-ol (See, e.g.. Fblkman. ul. The reaction mixture contained ligation buffer. 5% PEG- 

Nature Med. 1:27-31 (1995); Friesel and Maciag. FASEBJ. 40 8000. 1 mM DTT and 8U of T4 DNA ligase (New England 

9:919-25 (1995); Mustonen and Alitalo, J. Celt Biol, . Biolabs). Ligation was carried out at 16° C. for 16 hours. 

129:895-98 (1995). However, VEGF has been the only Fifteen ul of this reaction mix was used in a standard 100 ul 

growth factor relatively specific for endothelial cells. The PCR reaction containing 100 ng of specific primers includ- 

newly identified factors VEGF-B and VEGF-C thus increase ing Sad and PsU restriction sites, present in this segment of 
our understanding of the complexity of the specific and 4$ Flt4 cDNA. and I unit of Taq DNA polymerase (Perkin 

redundant positive signals for endothelial cells involved in Elmer Cetus). Two rounds of PCR were performed using 33 

vasculogcnesis. angiogenesis, permeability and perhaps also cycles (denaturation at 95° C. for 1 minute, annealing at 55* 

other endothelial functions. C. for 2 minutes and elongation at 72° C. for 4 minutes). The 

Also described herein is the localization of the VEGF-C PCR mixture was treated sequentially with the Sad andPstl 

gene in human chromosomes by analysis of somatic cell 50 restriction enzymes and after purification with MagicPCR 

hybrids and fluorescence in situ hybridization (FISH). P^PS (Promega) DNA fragments were subcloned into the 

Southern blotting and polymerase chain reaction analysis of pCEM3Zf(+) vector for sequencing. The sequence obtained 

somatic cell hybrids and fluorescence in situ hybridization of " corresponds to the 5* end of the Flt4s cDN A clone deposited 

metaphase chromosomes was used to assess the chromo- . »" the Genbank Database as Accession No. X6S203. 
somal localization of the VEGF-C gene. The VEGF-C gene 55 The sequence encoding the first 12 amino acid residues 

««k located on chromosome 4a 34. dose to the human was added to the expression construct by Ii gating an SphI 

aspartylglucosaminidase ! gene previously mapped to digested PCK iragmcm amplif^u zz~:zzzz 

4q34-35. The VEGF-C locus in 4q34 is a candidate target transcription-PCR of polyCAr RNA isolated from the HEL 

for mutations leading to vascular malformations orcardio*. cells using the oligonucleotides 5 , -ACATQCATGC CAC- 

vascular diseases. Expression studies by Northern blotting 60 CATGCAG CGGGGCGCCG CGCTGTGCCT GCGACT- 

and hybridization show abundant VEGF-C expression in GTGG CTCTGCCTGG GACTCCTGGA-3* (SEQ ID NO: 

heart arid skeletal muscle; other tissues, such as lung and 2K forward primer. SphI site underlined, the translaiional 

kidney, also cxrwess this gene. Whereas P1GF is prcdomi- " start codon marked in hold follows an optimized Kozak 

nandy expressed in the placenta, the expression patterns of consensus sequence Kozak, Nucl. Acids Res. 15: 

the three VEGFs overlap in many tissues, which suggests 65 8I25-S148, 1987) and S -ACATgCATGC CCCGCCGGT 

that they may form heterodimers and interact to exert their CATCC-3* (SEQ ID NO: 3) (reverse primer. Spht site 

physiological functions. * underlined) to the 5* end of the S2 J fragment, thus replacing 
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unique SphI fragment of the S25 plasmid. The resulting QTDSGM VLASEEFEQ! ESRHRQESGFR-COOH (SEQ 

vector was digested with EcoRI and Clal and ligated to a 138 ID NO: 8) was cloned as a 657 bp EcoRI-fragment into the 

bp PCR fragment amplified from the 0.6 kb EcoRI fragment pGEX- 1 XT bacterial expression vector (Pharmacia) in frame 

(base pairs 3789 to 44 16 in the Genbank X68203 sequence) with the glutathione-S -transferase coding region. The result- 

which encodes the 3* end of FIt4s shown in FIG. 1 of 5 ant GST-FH4S fusion protein was produced in £. coti and 

Pajusola et ah. Cancer Res. 52:5738-5743. 1992, using the purified by affinity chromatography using a glutathione - 

oligonucleotides 5'.CG GAATTC CC CATGACCCC A AC-3* Sepharose 4B column. The purified protein was lyophilized, 

(SEQ ID NO: 4) (forward. EcoRI site underlined) and 5'-CC dissolved in phosphate buffered saline (PBS), mixed with 

ATCGATG G ATGCTAGCTG AAGCCGCTTT CTT-3' Freund's adjuvant and used for immunization of rabbits at 

(SEQ ID NO: 5) (reverse, Clal site underlined). The coding io biweekly intervals using methods standard in the art 

domain was completed by ligation of the 1.2 kb EcoRI (Harlow and Lane, Antibodies. A Laboratory Manual, Cold 

fragment (base pairs 2535—3789 of sequence X6S203) into Spring Harbor Laboratory Press. 1988). Antisera were used 

the above construct. The complete cDNA was subcloned as after the fourth booster immunization for immunoprecipita- 

a Hindni-Clal(blunted) fragment (this Clal site was also tion of FU4 from the transfected cells and cell clones 

included in the 3* primer used to construct the 3' end of the 15 expressing FU4 were used for ligand stimulation analysis, 

coding sequence) to the pLTRpoly expression vector pvampipi 

reported in Makeli et aL, G*ne. 118: 293-294 (1992) tAAM ^ LtJ 

(Genbank accession number X60280), incorporated by ref- Construction of a Flt4 EC Baculovirus Vector and 

erence herein, using its Hindi II -Acc I(blunted) restriction Expression and Purification of its Product 

sites -0 

* , , . _ ^ jjw i • a. The construction of an Flt4 extracellular domain (EC) 

The long form of Flt4 was produced by replacing ; the bacuIovims wc|or ^^ally shown in FIG. 3. The 

3>nd of the short form as foUows: The 3 region of the FU4I R|4H;ncodm cDNA has been prepared in both a long form 

cDNA was PCR-amphfied usmg a gene specific and a ^ a f * cach ^ in * 0 £ onted in a rector 6 under 

^^12^1^2.' T^li/t fSr^ln*^ 25 control of the Moloney murine leukemia virus LTR pro- 

5--ATTrAGCTGACACTATA-3 (SEQ ID NO: 6) as reverse ^ ^ nucIeoddc s > of (hc short fonn of mc ^ t4 

and forward pnrners respectively, and an FIt4I cDNA clone n . f Qn ^ Gcnbank dalabasc M Accession 

containing a 495 bp EcoRI fragment extending do^tream ^ an<J fic 3. of ^ , fQm 

of the EcoRJ site at nudeot.de 3789 of the Genbank X68203 C DNA is available as Accession Pto. S66407. 
sequence (the sequence downstream of this EcoRI site is . ... 

deposited as the Rt4 long form 3* sequence having Genbank » The endsofa cDNA segment encoding ;Rt4 extracellular 

accession number S66407). The gene specific oligonucle- d °™ n < EC > ^ere modified as fol ows: TTi s 3 end of Rt4 

oride contained a BamHI restriction site located right after cI ? NA sequence (Genbank Accession Number X68203) 
the end of the coding region. The sequence of that (reverse C ^.^^^^^^^^ ££ 

primer) oligonucleotide was 5'-CCATCGAT P™" 1 l^f^^^^^^^^^VJ^ 
CG^TJXCGATCJCTGCTTAGTAGCTGT-3' (SEQ ID NO: « 9^al^«jr un^ 

7T&I site is underlined). The PCR product was ^^^^^^S^P^^^sBO^^^ 

digested with EcoRI and BamHI and transferred in frame to GATCATGCT GCCCTTAT CCTC-3 (SEQ ID NO. 10. 

LTRFIt4s vector fragment from which the coding sequences BamHI site underlined). The sequence complementary to 
downstream of the EcoRI site at base pair 2535 (see of j^nier 1315 conunues after the F1i4 reading frame 

sequence X68203) had been removed by EcoRI-BamHI «° and 6 ""A \ ^"EL? £ ^ 

digestion. Again, the coding domain wi completed by "J™ ST^^fT^ L^ 

ligation of the 1 .2 kb EcoRI fragment (base pairs 25 35-3789 ■ ™ d f ad *=? Bam HI site^The amplified fragment 

of sequence X68203) back into the resulungconstruct. ™ digested with Sail and BarnM and used to replacea 

....... ...... 4 unique Sail -BamHI fragment in the LTRFli4 vector shown 

EXAMPLE 2 ,. 45 in FIG. 3. The Sal IB am HI fragment that was replaced 

encodes the FU4 transmembrane and cytoplasmic domains. 
Production and Analysis of Rt4I Transfected Cells ^ y end without lhc Rl4 signaI sequence encoding 

NIH3T3 cells (60% confluent) were co-transfecied with 5 region was amplified by PCR using the primer. 1335 5 - 

ug of the pLTRFll41 construct and 0.25 ug of the pS V2neo CCC A AGCTT^GG ATCC AAGTGGCTACTCCATG ACC-3' 

vector (ATCC) containing the neomycin phosphotransferase 50 (SEQ ID NO: II) (the primer contains added HindHI 

gene, using the DOTAP liposome-based transfectibn (AAGCTT) and BamHI (GGATCC) restriction sites, which 

reagents (Boehringer Mannheim, Mannheim, Germany). are underlined) and primer 133 2 

One day after the transfecu'on the cells were transferred into 5*-GTTGCCTGTG ATGTGCACCA-3* (SEQ ID NO: 1 2). 

selection media containing 0-5 mg/ml genebcin (GIBCO, The amplified fragment was digested with HindHI and SphI 

Grand Island, N.Y.). Colonies of geiieticin-resistant cells 55 (the Hindlll site (AAGCTT) is underlined in primer 1335 

were isolated and analyzed for expression of the FU4 pro- and the SphI site is within the amplified region of the FU41 

teins. Cells were lysed in boiling lysis buffer containing cDNA). The resultant Hindlll-Sphl fragment was used to 
3 3% SDS (sodium dodecyl sulphate), 125 raM Tris, pH 6.8. . replace a Hindlll-Sphl fragment in the modified LTRFlt41 

Protein concentrations of the samples were measured by the vector described immediately above (the Hindlll site is in 

BCA method (Pierce, Rockford, III.): About 50 ug of protein 60 the 5* junction of the Flt4 insert with the pLTRpoly portion 

of each lysate were analyzed for the presence of FU4 by 6% of the vector, the SphI site is in FIt4 cDNA). The resultant 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) anil Flt4EC insert was then ligated as a BamHI fragment into the 

immtmoblorting using antisera against the carboxyl terminus BamHI site in the p VTBac plasmid as disclosed in Tessier 

of Fll4 and the ECL method (Amersham). et al„ Gene 98: 177-183 (1991). incorporated by reference 

For production of anti-FIt4 antiserum the FU4 cDNA 63 herein. The orientation was confirmed to be correct by 

fragment encoding the 40 carboxy-terminal amino acid partial sequencing so that the open reading frame of the 

residues of the short form: NH2- PMTPTTYKG SVDN- signal sequence -encoding portion of the vector continued in 
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together with the baculovirus genomic DNA into 5F 9 cells ru i Comigration was confirmed 

by lipofection. Recombinant vu^ was g"fi«L^ San ~" -Flt4 antibodies as is also shown in 

and used for ^ fe ^ on of " l ^ V .^ "f i^T^ Flt4 5 RG ?A (panel on the right). In order to show that the 125 

Diego, Calif.) using methods " ^™ .?™ 5 UD ^iypeptid e is not a non-specific component of the 

■S^-2T£^^ -dffi medium reacts with anti-phosphotyrosine 

medium of the infected Hign-hrve . antibodies 1 5 ul of conditioned medium were separated by 

affinity chromatography according "™™ f £ u ™ * .SggS^ btoncd on nitrocellulose and the blot was 

instruction, (Qiagenjfor binding *"d *luuo° ^^6^ StacdwS anti-PTyr antibodies. No signal was obtained 

tag encoded in the COOH-temunus of the recombmant Rt4 to sained witt ant. ^^.^ mcdium failed lo slimuIate 

extracellular domain. Rt4 p h osp horylation. as shown in FIG. 4. lane I . 

EXAMPLE 4 As shown in FIG. 4. lane 3. stimulating activity was 

~ *• - j ** considerably increased when the PC-3 conditioned medium 

Isolation of Flt4 Ligand from Conditioned Media ^ C ^ l ^°^^ oxlT . Md usi „ s a Centricon- 10 concentra- 
An Rt4 ligand according to the invention was isolated (or (Amic0 n). RG. 4, lane 4. shows that pretreatmcnt of the 
from conditioned media from PC-3 prostatic adenocarci- . concemTat ed PC-3 conditioned medium with 50 ul of the 
noma cell line CRL1435 from the American Type Culture ^,4 „ trace UuIar domain coupled to CNBr-acUvated 
Collection and cultured as instructed by the supplier in ^pharose CL-4B (Pharmacia: about I mg of FU4EC 
Ham's F-12 Nutrient mixture (GIBCO) containing 1% fetal yy doma in/ m i « p harose resin) completely abolished Fli4 
calf serum. In order to prepare the conditioned medix lvrosine phosphorylation. Similar pretreatment of ihc ^con- 
conflueni PC-3 cells were cultured for 7 days in Ham s F-12 diti oned medium with unsubstituted seph arose CL-4B aid 
Nutrient mixture (GIBCO) in the absence of fetal bovine affcct stimulatory activity, as shown in FIG 4 lane 5. 

serum Medium was then cleared by centrifugation at 10.000 Ako< ^ fiow through obtained after concentration. *hich 
TfoTio minutes. The medium was then screened to deter- y containcd proteins of less than 10.000 molecular weight did 
mine its ability to induce tyrosine phosphorylation of Flt4 by not slimulate R l4 phosphorylation, as shown m FIG. 4. lane 
exposure to NIH3T3 cells which had been transacted with 6 

Rt4-encoding cDNA using the P LTRFlt41 The foregoing data show that PC-3 cells P^ u « a *^ 

tor stimulation experiments, subconfluent NIH3T3 cells which bin ds to the extracellular domain of Rt4 andacli%ates 
were starved overnight in serum-free DMEN1 medium M 
(GIBCO) containing 02<Z> BSA. The cells were stimulated 

with the conditioned media for 5 minutes, washed twice with EXAMPLE 5 

cold PBS containing 100 uM vanadate and lysed in RIPA 

buffei ■ (10 mMTrU TpH 7.5. 50 mM Nad. QJ5% sodium Purification of the Rt4 Ligand 

deoxycholate. 0.5% Nonidet P40 (BDH, Poole. Engbnd) 35 „ pre ssed by PC-3 cells as characterized in 

0.1% SDS, 0.1 UAnl Aprotinin (Boehnnger Mannheim). 1 i™ r 0 h ^ ^ a recombinant l y - 

mM vanadate) for receptor u^^^ "JSrf FM extracellular domain (RUEC) in affinity 

The lysates were centrifuged for 20 nunutes at l?.000xg. - produce 

The supernatant* were incubated for 2 hours on »« wttti 3 • * scrum-free conditioned medium, com- 

ul of thi antiserum against the Rt4 C-tennmus described in 40 Two harvesu f * *™ rf f 500 confluent 15 

Example 2 and also in Pajusola. et aL Oncogene 8: P" 5 ^^^ ^/^ mng connuen t layers of 
2931-2937. (1993), incorporated by reference herein. cm dl ^^^ ditione<I medium was clarified by cen- 

After . 2 hour incubation in the presence of antt ; Rl4 «Us. ™ ^ ^ concentrated 80-fold using an 

antiserum, protein A-Sepharose (Pharmacia was added and ^\~^ ow ^ce (Rltron. Nor^borough, 
incubation was continued for 45 minutes with rotation The 45 Hf^f^thTrO kD cutoff Omega Ultrafiltration membrane 
immunoprecipitates were washed .three times wi* the MassO wttha Actions. Recombtnan 

immunoprecipiution buffer and twice withlO mM Tn^ S^S^Bubr domain was expressed in a recombinant 
P H73 before analysis in SDS-PAGE. ^^des were FW exa^ ^ purified by affinity chromawg- 

Lnsferred to nitrocellulose and analyzed by Western blot- bacuto * (Ni-NTA affinity column obtained from 

ting using Rt4- or phosphotyrosine-specinc *^ 50 "P^" ^^fied extraceUuIar domain was coupled to 

ECL method (Amersham International. Buckingharnshire. ^"^^ Sep harose CL-4B at a concentration of 5 
England). Anti-phosphotyrosine monoclonal ^tibodies CNB^acu^ed ep ^ matrix for lig and affinity 

lanti-PTvr PY20) were purchased from Transduction Labo- mg/mi 

^e^ffiU KyT^n some cases, the filters were ^™«^^ moncd M was incubated with 2 
restaur - «^»-Hy after stnooinc The strip- 55 Concentrated conau ^ _^ 1|ular doma i n -Sepharose 

nine of the filters was done for 30 minutes at 5 C in 100 ml ot tne - -- - temperature tor j 

^2°^^^^ nor^b^^ 

' with occasional agitation. hours- Ai» f"^ « J ^fcrred to a column (Pharmaaa) 

As shown in FIG; 4. the PC-3 cell conditioned mcdium affinity matrix 5 d washc d successively 

.timul^ryrosine phosphorylation of a 125 « -Uh « . m-er d ^ameu, of ^ ^ 

tide when Rt4^xpressing NIH3T3 «ru were treated with w J 100 m\ of PBb was cluted stcp -w«e wjti. 

the indicated preparations of med a, lysed. and the ysates buffer(pH SUCC essive 6 ml elutions having pHs 

were immunoprecipitated with anu-Rt4 antiserum followed 100 mM glycine , m] fraclions of the eluatc were 

by SDS-PAGF, Western bloaing, and staining using anti- of ^ ^^^J 1 ^*; containing OS ml 1 M Na-phosphatt pH 

PT>t antibodies. The resulting band was weak^phosnho- <* ^f^^^^'immediaiely and dialed ml 

O-lated upon stimulation with unconcentrated PC*3 cond.- 8 ^ T ^cU P H AliqucU.sof 75 ul each were analyzrd 

uoned medium (lane 2). The 125 kD.band comigratcd with mM Tns-HCl ( P h 1 m 
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for their ability to stimulate tyrosine phosphorylation of EXAMPLE 7 
Fh4. The ulnafHtrate, 100 ul aliquots of the concentrated 

conditioned medium before and after ligand affinity Amplification of the Unique Nucleotide Sequence 

chromatography, as well as 15-foId concentrated fractions of Encoding the Flt4 Ligand 

material released from the Fli4 extracellular domain- 5 ^ " 

Sepharose matrix during the washings were also analyzed M Degenerate oligonucleotides were designed based on the 

for their ability to stimulate FIt4 tyrosine phosphorylation "-terminal amino acid sequence of the isolated FIt4 ligand 

As shown in FIG. 6. lane 3. the concentrated conditioned "^.-f P ™ er5 in a P 0 *™™* chain reaction 

medium induced prominent tyrosine phosphorylation of Flt4 r*r~V » fy C £_ A ^^^S <he Flt4 ligand from a 

mtramfectedNm3T3censoverexpresstngFlt4.Thisaaiv- io C *. ™ ov ' e^a,, «rategy is schematically 

ity was not observed in conditioned medium taken after P .J I '\ * lhe « fi<fcrew P rimers have been 

medium was exposed to the Flt4 Sepharose affinity matrix ^ * roWS " 

described above (lane 4). The specifically-bound Flt4- PCR was carTicd out I Mg of DNA from the 

stimulating material was retained on the affinity matrix upon amplified PC-3 cDNA Iibrar>' and a mixture of sense-strand 
washes in PBS, 10 mM Na-phosphate buffer (pH 6.8). and » P" mers comprising 5'-GCACARGARACNATHAA-3* 

at pH 4.0 (lanes 5-7. respectively), and it was eluted in the ( . ^ ID NO: I4 Xwherein R is A or G. N is A.G.C or T and 

first two 2 ml aliquots at pH 2,4 (lanes 8 and 9). A further H " A, C or T). encoding amino acid residues 2-6 (EETIK. 

decrease of the pH of the elution buffer did not cause release SE ^ ID NO: ,5) and an risense -strand primers 

of additional Flt4-stimulating material (lane 11). 5*-GCAYTTNARDATYTCNGT-3* (SEQ ID NO: 16) 
Small aliquots of the chromatographic fractions were 20 (wherein * » C or T and D is A, G or T). corresponding to 

concentrated in a SpecdVac co^entraro^Sav'm amino acid residues 14-1 8 (TEILK. SEQ ID NO: 17). Three 

Farmingdale. N.Y.) and subjected to SDS-PAGE under ? nucleotides (GCA) were added to the ^-terminus of 

reducing conditions with subsequent silver stainin- of the £S PnmCr 10 mcrease annealing stability. Two successive 

gel. As shown in FIG. 7, the major polypeptide, having a ^ ?™ ^c^" 1 ^ ° Ut 1 U ** T reaction of 

molecular weight of approximately 23 kD (reducing 25 f-SOOU Fmnz>-mes). a thermostable DNA 

conditions), was detected in the fractions containing FU4 ^F^r? u « "SP*? ft*' manufacturer <»<> 

stimulating activity (corresponding to lanes 8 and 9 in RG m t - '"v*.™* 25 ^ IJ . mM MgC, > 50 mM 

6). That polypeptide was not found in the other chromato^ r Tht " « an extension temperature of 72- 

graphic fractions. On the other hand, all other components S'J?f JS* ™ WM T f ° r 43 CJ c1 "- ^ firsl 

detected in the two active fractions were also distributed in » ? " C> ? IeS ucre t mn 31 3n annealing temperature of 33* C. 

the starting material and in small amounts in the other 7 m ! ni,ws - ** remain,n S Qxles were run a, 42* C. 

washing and elurion steps after their concentration. Similar %_ riunutc - 

results were obtained in three independent affinity ™ re S lon of containing a weak band of the 

purifications, indicating that the 23 kD polypeptide specifi- "pe^ed size (57 bp) was cut out from the gel and eluted. 
cally binds to FIt4 and induces its tyrosine phosphorylation. - ,J 71,0 e,ulcd materiaI was nsamplified for 30 cycles using the 

Fractions containing the 23 kD polypeptide were ' ^ ^£f5™ dcscribcd ^ vc al 42 ° C * for 1 minu ". 

combined, dried in a SpeedVac concentrators! subjected T^JS*™!* fra ^nt was cloned into a pCR II vector 

to SDS-PAGE in a IZ5Z, gel. The proteins from the eel (Invuro 6* n > us,n f *A cloning kit (Invitrogen) and 

were then electroblotted to Immobilon-P (PVDF) transfer f^""^^ the radioactive dideoxynucleotide sequenc- 

membrane (MUIipore. Marborough, Mass.) and visualized 40 ^ S '* *?* ana,yaed 311(1 311 

by staining of the blot with Ojomassie blue R-250 The f on ^ ncd <** <" C <*W the expected peptide 

region containing only the stained 23 kD band was from (am,n ° ^ I* 6 ™ ^ P recu ^)« Nucleotide 

the blot and was subjected to N-terminal amino Sd * e * uei1 ? panning the region from the third nucleotide of 

. sequence analysis in a fWe ^S^LS^Sy^ ff." \" « » (the extension 

(Applied Biosystems, Foster Citv Califl ThT^fa ^ 45 reg, ° n> was ld * nt » c al m all six clones: 

analyzed us^ TSflT mJ ^2^5^X52 ^Y^^^f^ 0 ^ 03 ' (SEQ ID N0: I8 > 

Biosystems). Analysis revealed V singk N- eS r^ Z^ ^ " " ampI i fied 

m q Na C «5 ^-^^AAAHYNTEIL £ K^OOH(SEQ ^.^0^^ eDCOd,nS ^ * ^ ^ 

EXAMPLE 6 50 EXAMPLES 

Construction of PC-3 Cell cDNA Ubrary in a Amplification of the ^end [oTjhe cDNA Encoding 

Eukaryotic Expression Vector 6 

p«wa\* dma . , 55 Based on the unique nucleotide sequence encoding the 
conr?uentL^! J£ -T^t ^ ^ 15 00 N-ierminus of the isolated FH4 ligand. two pairs of nested 

Sfertn m ^ a i msIc Ste P method ^"8 Primers were designed to amplify, in two subsequent PCR- 

frv^^^; « ^ CS ff? h> cc,luIose ^ reactions, the complete 5*-end of the corresponding cDNAs 

^^^Sl^^^u'Ji 01 ^ a0ning ' A from OTe of DNA from the above Jescribed 

it^T^x^M™^ S ? Wg Harb0f Laoora * or y Pre". 60 PC-3 cDNA library. First, amplification u-as performed with 

RJ?A ^^SiT 1° ^ SlX rot ^«™f oflhc Po'WAr - primer 5 '-TCNGTGTTGTAGTGTGCTG-3' (S EQ ID NO: 

U^raX TL ^^Kr 1 ""' M ^'^^"Pri^d cDNA 19). which is the antisense-strand primer corresponding to 

u7eT7b^ k^^'^ CXprcSS ^" vector pcDNA I and amino acid residues 9-15 (AAHYNTE. SEQ IDNO: 20). 

meUbra™UtofIn«trogen,acc^^ and sense-strand primer 

a^uUO^Tnd^nin? 6 ^ W to COntain 65 5-TAATACGACTCACTATAGGG 3' (SEQ ID NO 21, 

corre^ding to the T7 RNA f promoter of the pcDN^I 
' vector used for construction of the library. "Touchdown" 
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PCR was used as disclosed in Don. et al„ Nuci Acids Res,, tfon. Those products were diluted 1 200 in water and ream- 
19- 4008 (1991) incorporated by reference herein. The plified in PCR using the second pair of primers: 
annealing temperature of the two first cycles was 62° C. and 5-AAGAGACTATA AAATTCGCTGCAGC-3' (SEQ ID 
subsequently the annealing temperature was decreased in NO: 28 ) and 5'-CCCTCTAG ATGCATGCTCG A-3* (SEQ ID 
every other cycle by 1° C. until a final temperature of 53* C j NO: 29) (antisense-strand primer corresponding to nude- 
was reached, at which temperature 16 additional cycles were otides 2279-2298 of the pcDNAl vector). Two DNA frag- 
conducted. Annealing time was 1 minute and extension at ments WC re obtained, having sizes of 1350 bp and 570 bp. 
each cycle was. conducted at 72" C. for 1 minute. Multiple Those fragments were cloned into a pCRJI vector and the 
amplified DNA fragments were obtained in the first reaction. inserts of the clones were sequenced. Both of these frag- 
The products of the first amplification (1 ul of a 1:100 )() ments uw f oun( j to contain sequences encoding an amino 
dilution in water) were, used in the second amplification acitJ 5^^^ homologous to the VEGF sequence, 
reaction employing the nested primers 5 - 

GTTGTAGTGTGCTG CAGCG AATT-3* (SEQ ID NO: 22). EXAMPLE 1 0 
an antisense-strand primer corresponding to amino acid 

residues 6-13 ( ^^^^^'^^J^Jj^'^l^ fl l i l5 Screening the PC-3 Cell cDNA Library Using the 
Ugand. and 5 , -TCACTATAGGGAGACCCAAGC-3 (SEQ " $ . rcR F cm of ni4 Ug2nd cD NA 
ID NO: 24), a sense-strand primer corresponding to nucle- 
otides 2179-2199 of the pcDNAl vector. The sequences of A 219 bp 5'-ierminal fragment of Flt4 ligand cDNA was 
these sense and antisense primers overlapped with the 3* amplified by PCR using the 5' PCR fragment described 
ends of the corresponding primers used in the first PCR. above and primers 5*- 
Touchdown" PCR was carried out by decreasing the 20 GTTGTAGTGTGCTGCAGCGAATTT-3' < antisense-strand 
annealing temperature from 72° C to 66° C. and continuing pr j mer SEQ ID NO: 30) and 
with 18 additional cycles at 66* C. The annealing time was 5'-TC ACTATAGG G AG ACCC A AGC-3* (SEQ ID NO: 3 1 » 
I minute and extension at each cycle was carried out at 72° (S ense-primer corresponding to nucleotides 21 79-2199 of 
C. for 2 minutes. One major product of about 220 bp and ^ DNA , vecwr) ^ amplified product was subjected to 
three minor products of about 270 bp. 150 bp. and 100 bp ^ dig ^ tiojt witnEcoR i (Boehringer Mannheim) to remove the 
were obtained. , , portion of the DNA sequence amplified from the pcDNAl 
The amplified fragment of approximately 220 bp was cut ^ ^ resuUing , 53 bp fr3gment encoding the 5* end 
out from the agarose gel. cloned into a pCRII vector using Qf ^ ^ d was , abcIed with i«pj.dCTP using the 
the TA cloning kit anvitrogen) and sequenced. Three recorn- K , enow fragmen t of £. coli DNA polvmerase I (Boehringer 
binant clones were analyzed and they contained the TO Mannheim)> fragment was used'as a probe for hybrid- 
sequence i2alion screening Q f the amplified PC-3 cell cDNA library. 

r^^r^S?^^^^ GTACAAGTGTCAGCTAA 35 wIwion 0 I% SDS ^o.l mg/ml denatured salmon sperm 

T^A^AT^AGAGAACAGCCCAACCTCAACTC DNA. Filters were washed twice in IxSSC .WJ > SDS tor 

AAGGACAGAAG 30 minutes at room temperature, then twice for 30 minutes 

a ACTATA A A ATTryyTnC AG T* a P A PTAC A AC- 3* * «° C. and exposed overnight. 

(SEQ ID NO: 25). The beginning of the sequence represents 40 On the basis of autoradiography, 1 0 positive recombinant 

the pcDNAl vector and the underlined sequence represents bacterial colonies hybridizing with the probe were chosen 

the amplified product of the 5'-ehd of the insert. The ATG from the library. Plasmid DNA was purified from these 

codon located upstream of that sequence in the same reading colonies and analyzed by EcoRI and Nod digestion and 

frame is followed by an open reading frame containing the agarose gel electrophoresis followed by emidium bromide 

amplified product of the putative signal sequence and the 45 staining. The ten plasmid clones were divided into three 

first 13 amino acid residues of the secreted Flt4 Ugand. The groups on the basis of the presence of insert sizes ot 

cloning of the 5* end of the Fl(4 cDNA, as described in the approximately 1.7, 1.9 and 2.1 kb. respectively, i* 5 ?* 5 .*" 

preceding two examples, is depicted schematically in FIG. plasmids from each group were sequenced using the I f 

9A. oligonucleotide as a primer and walking primers for subse- 

pvampijfo jo quern sequencing reactions. 

tAAMfi^v Sequence analysis showed that all clones contain the open 

Amplification of the 3*-cnd of cDNA Encoding the reading frame encoding the NH2-terminal sequence of the 

Flt4 Ugand ligand. Furthermore, the 2.1 and 1.9 kb clones also 

Based upon the amplified 5-sequence of the clones contained sequences encoding the signal sequence (FIG. 9 A, 

encoding the FH4 ligand, ' two pairs of non-overlapping 55 SS). The 5* end of the 1.7 kb clone began within the signal 

nested primers were designed to amplify the 3'-ponion of the sequence-encoding portion. Dideoxy sequencing w ^ con- 

_. . „ . . - . .. • .. _- m..*_- in the downstream direction. 

FLT4-L Clones. ine jenictsiranu.. pumci •<»*» *»»e, » r — r . . 

5*- ACAG AG AACAGGCCAACC-3* (SEQ ID NO: 26) and An 1140 nucleotide portion of the sequence of tne longest 

antisense-strand primer 5*-TCTAGCATTTAGGTGACAC- clone is shown in FIGS. 9B through 9D. As can be seen in 

3* (SEQ ID NO: 27) corresponding to* nucleotides 60 that figure, after the putauve signal sequence the open 

2311-2329 of the pcDNAl vector were used in a first reading frame terminates in a TAA stop codon 318 ammo 

"touchdown" PCRi'The annealing temperature of the reac- acid residues further downstream from the 33 amino acid 

tion was decreased 1 0 C. every two cycles from 72° C. to 52* signal sequence. When compared with sequences m tne 

C, at which temperature 15 additional cycles were carried ; GenBank Database, the predicted protein product or tlus 

oul The annealing time was I minute and extension at each 63 reading frame was found to be homologous wiUi _tne pre- 

cycle was carried out at 72° C. for 3 minutes. DNA frag- dieted amino acid sequences of the PDGF/VEGF family ot 

ments of several sizes were obtained in the first amplifica- growth factors, as shown in FIGS. 10A through 10D. 
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be identified by a number of methods standard in the art. 
such as heteroduplex analysis of cDNA and genomic DNA. 
which arc subsequently characterized. 

EXAMPLE 12 

Expression of the FU4L Gene 

Expression of transcripts corresponding to the Flt4 Iigand 
(VECF-C) was analyzed by hybridization of Northern blots 
containing isolated polyKA)* RNA from HT-1080 and PC-3 1 
human tumor cell, lines. The probe was the radioactively 
labelled insert of the 2.1 kb cDNA clone (specific activitv 
I0 8 -I0 9 cpm/mg of DNA). The blot was hybridized over- 
night at 42° C using 50% form amide, 5xSS PE buffer, 2<£ 
SDS. lOxDenharoVs solution. 100 mg/ml salmon sperm 1 
DNA and 1x10* cpm of the labelled probe/ml. The blot was 
washed at room temperature for 2x30 minutes in 2xSSC 
containing 0.05% SDS, and then for 2x20 min at 52* C. in 
O.lxSSC containing 0.1% SDS. The blot was then exposed 

ftf _"7fl* t*- fnr ttinu ylit» I_. • , 
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EXAMPLE 14 



* v .._.»., 6 w.. «, • mui waj men exposes . . . . , . - ' ~ . — — — — 

at -70* C. for three days using intensifying screens and 20 controI *wml«ing agents. The cells were washed twice 
Kodak XAR film. Both cell lines expressed In Flt4 Iigand with ice-cold tris-buffered saline (TBS) containing 100 mM 



-- - J - —-"■<> «ii*i«lljlUj »Vt^^4l» *UIU 

Kodak XAR film. Both cell lines expressed an Flt4 Iigand 
mRNA of about 2.3 kb. as well as VEGF and VEGF-B 
mRNArs (FIG. 12). 

EXAMPLE 13 

VEGF-C Chains are Proteorytically Processed after 
Biosynthesis and Disulfide Linked 

The predicted molecular mass of the secreted polypeptide, 
as deduced from the VECF^C ORF specified in SEQ ID 
NOs: 32 and 33. is 35,881 kD. suggesting that VEGF-C 
mRNA may be first translated into a precursor, from which 
the mature Iigand of 23 kD is derived by proteolytic cleav- 
age. 

To study this, metabolic labelling of 293 EBNA cells 
transfected with the VEGF-C construct was carried out by 
addition of 100 uCi/ml of Pro-mix™ L-£ J5 S] in vitro cell 
labelling mix (Amersham) to the culture medium devoid of 



Stimulation of VEGFR-2 Autophosphorvlation bv 
VEGF-C 

Conditioned medium (CM) from 293 EBNA cells trans- 
fected with the VEGF-C vector also was used to stimulate 
porcine aortic endothelial (PAE> cells expressing VEGFR-2 
Pajusola et al. Oncogene. 9:3545-55 (1994); Waltenberger 
et al„ J. Bt'oL Chcm.. 269:26988-95 ( 1994). The cells were 
lysed and immunoprecipitated using VEGFR-2— specific 
antiserum (Waltenberger et a!.. 1994). 

PAE-KDR cells (Waltenberger et a!., 1994) were grown in 
Ham's F12 medium- 10% fetal calf serum (FCS). Confluent 
NIH3p-Flt4 cells or PAE-KDR ceils were starved over- 
night in DMEM or Ham*s F12 media, respectively, supple- 
mented with 0.2% bovine serum albumin (BSA) and then 
incubated for 5 min. with the analyzed media. Recombinant 
human VEGF (R&D Systems) and PDGF-BB were used as 
a control stimulating agents. The cells were washed twice 



cysteine and methionine. After two hours, the cell layers wrra* ■ I*£ PA ?, C ** "pressing 

were washed twice with PBS and xh^VLlJZZ 40 Y*S*** Wcre *' mu,atea l Wllh »0- or 2 ; foId concentrated 



„. . , nw ■HJWA, uic veil uycis 

were washed twice with PBS and the medium was then 
replaced with DMEM-0.2% BSA. After I, 3. 6, 12 and 24 
hours of subsequent incubation, the culture medium was 
collected, clarified by cehtrifugation, and concentrated, and 

Vf?rn7_f w« 4/\ .-i ^> _ . 



sodium orthovanadate and lysed in RIPA buffer containing 1 
mM phenylmethylsulfonyl fluoride (PMSF). 0.1 U/ml apro- 
tinin and I mM sodium orthovanadate. The lysates were 
sonicated, clarified by centrifugation at 16.000 g for 20 min. 
and incubated for 3-6 h on ice with 3-5 ul of amisera 
specific for Flt4 (Pajusola et al.. 1993), VEGFR-2 or 
PDGFR-fJ (Claesson-Welsh et al.. J. Biol, Chem.. 
264:1742-47 (1 989); Waltenberger et al.. 1994). Immuno- 
precipitates were bound to protein A-Sepharose. washed 
three times with RIPA containing I nuM PMSF. I mM 
sodium orthovanadate, twice with 10 mM Tris-HCl (pH 7.4) 
and subjected to SDS-PAGE in a 7* gel. Polypeptides were 
transferred to nitrocellulose by Western blotting and ana- 
lyzed using PY20 phospho tyrosine -specific monoclonal 
antibodies (Transduction Laboratories) or receptor-specific 
antiserum and ECL method (Amersham). 

The results of the experiment are presented in FIGS. 14A 
and 14B. As shown in FIG. I4A. PAE cells expressing 
vnr/~:c"D *> .. _.: i * . «« * . . 



— . - — -•«■ »«- vit *-iwu i-unccntraco 

medium from mock-transfected 293-EBNA cells (lanes 1 
and 2), or with 2-, 5- or 10-fold concentrated medium from 
293-EBNA cell cultures expressing the recombinant 
VEGF-C was boundVsO^ 5»— VEG J , FR " 2 ™ invnunoprecipitated 

overnight at «4--C. followed by KtES MS™ < $ w«t^L "J*"** SDS /^ GE 

washes in 20 mM Tris-HCl ( P H 7 3) alfcylaUon. SDS-PAGE b '°T g P hoSphotyrosme ant,bodi «* For 

and autoradiography aucyiation, iUS-PAGE comparison, the stimulations were carried out with non- 

Thr<j> ,.r^r, ,Il„f, a „ _ j . ■ conditioned medium containing 50 ng/ml of purified recom- 

DO^mid^f iTt n ^ S , , *? 3 PUUUVC preCureor binant VEGF < ,anes 7 and »)- Lanes 6 and 7 show stimu- 
toe Fh4Er nffinir^r^ r m°»^J" mass was bound to 50 lation with VEGF-C- or VEGF- containing media premeated 
lab^lV e d cM1^7f^^ !? m ^^ ° f mctaboIicaJ1 y w "h FIt4EC. As depicted in FIG. 14B. PDGFR-B- 
(HG 13A> ln^£? ^^aVEGF-Cexpressionvector expressing NIH3T3 cells were stimulated with non- 
DoIv^DtSi" ac ^^^ OUn S ° f 2 , 23 *° «?P ,or - bindi «« conditioned medium (lane 1 ). S-foId concentrated CM from 
nb^nLh^^Sl^ ?l C ^ mCd ; Um during a ^-traa-;fected (lane 2) or VEGF-C-transfected (lanes 3 
JfS ° f 3 h ' bUt " 0t ^ naftCT < Ian « 2 ~* 55 and 4) cells, or with non-conditioned medium containing 50 
^^^^L^^^^* 23 }° foim U of recombinant human PDGF-BB (lane 5). Medium 

containing VEGF-C was also pretreated with recombinant 
Flt4EC (lane 4). PDGFR-fl was immunoprecipitated with 
specific antibodies and analyzed by SDS-PAGE and Western 
ao blotting using phosphotyrosinc antibodies wiih subsequent 
stripping and reprobing of the membrane with antibodies 
specific for PDGFR-fL 

A basal level of tyrosine phosphorylation of VEGFR-2 
were" or^^d "un^n^n^ "'^ r m0 ' ccu,ar ma - w forms ™ detected in cells stimulated by CM from the mock- 
^rihT^GF-C^K^^ " S ~ ndlt, °«- «*Se«ti"C « transfected celU. A further concentration of this medium 
"an^or m^It^ ^enhancement of VEGFR-2 phos- 

torrows in riu. J JB). phorylation (FIG. 14 A lanes I . and 2). CM containing 



. " " &oy«*"6 u*c k±j iorm is 

produced by proteolytic processing, which is cell-associated 
and incomplete, at least in the transiently transfected cells. 
The arrows in FIG. 13 A indicate the 32 kDa and 23 kDa 
polj-peptides of secreted VEGF-C 

In a related experiment. VEGF-C isolated using FIt4EC- 
Sepharose after a 4 h continuous metaboUc labelling was 
analyzed by polyacrylamide gel electrophoresis in nonre- 
duangcond.tions (FIG. 13B). Higher molecular mass forms 

wrr* nhK^nr^/i nnH*r - __j • __ .... 
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EXAMPLE 11 subunit in comparison with other ligands of this family, 

, _ . A . . . . . show a pattern of spacing of cysteine residues reminiscent of 

Stimulation of FIt4 ^phosphorylation by the ^ Balbiani ring 3 (B R3P) sequence (Dignam and 

Protein Product of the Flt4 Ligand Vector Case. Gene 88. 133-140, 1990), as depicted in FIG. 9A_ 
The 2.1 kb insert of me Ht4-L done in pcDNAI vector 5 Such a sequence may encode an independently folded 

containing the open reading frame encoding the sequence domain present in a Flt4 ligand precursor and it may be 
shown in FIGS. 9B through 9D (SEQ ID NO: 32) was cut involved, for example, in the regulation of secretion, 

out from the vector using Hind I II and NotI restriction solubility, stability, cell surface localization or activity of the 

enzymes, isolated from a preparative agarose gel and ligated Flt4 ligand. Interestingly, at least one cysteine motif of the 
to the corresponding sites in the pREP7 expression vector |0 BR3P type is also found in the VEGF carboxy terminal 

(Invitrogen). The pREP7 vector containing the above cloned amino acid sequences. 

insert was transfected into 293-EBNA cells (Invitrogen) Thus, the Flt4-L mRNA may be first translated into a 

using the calcium phosphate transfection method (Sambrook precursor from the mRNA corresponding to the Fl(4-L 

et aU Molecular Cloning. A Laboratory Manual; Cold clone, from which the mature ligand is derived by pro- 

Spring Harbor Laboratory Press. 1989). About 48 hours after , 5 teolytic cleavage. To define the mature FU4 ligand product 

transfection the medium of the transfected cells was changed one first expresses the cDN A clone, which is deposited in the 

to DMEM medium lacking fetal calf serum and incubated pcDNAI expression vector, in cells, such as COS cells. One 

for 36 h. The thus conditioned medium was then collected, uses antibodies generated against Flt4-L-encoded peptides, 

centrifuged at 5000xg for 20 minutes, the supernatant was such as amino terminal 23 amino acid peptide or bacterial 

concentrated Mold using Centriprep 10 (Am icon) and used Fit* fusion proteins, such as a GST-fusion protein, to raise 

to stimulate NIH3T3 cells expressing LTRFH4I, as in antibodies against the VEGF-homologous domain of Flt4 

Example 4: The cells were lysed. immunoprecipitated using ligand. One then follows the biosynthesis and processing of 

anti-FU4 antiserum and analyzed by Western blotting using the FU4 ligand in the transfected cells by pulse -chase 

anti-phbsphotyrbsine antibodies. analysis using radioactive cysteine for labelling of the cells. 

As can be seen from FIG. 11, lanes 1 and 3. the condi- 25 immunoprecipitation and gel electrophoresis. Using anti- 

tioned medium from two different dishes of the transfected bodies against the two domains of the product of the Flt4-L 

cells stimulated Flt4 autophosphorylation in comparison clone material for radioactive or nonradioactive aminoter- 

with the medium from mock-transfected cells, which gave minal sequence analysis is isolated. The determination of the 

only background levels' of phosphorylation of the FU4 NH2-terminaI sequence of the carboxyl terminal fragment 

receptor (lane 2). When the concentrated conditioned 30 allows for identification of the proteolytic processing site, 

medium was pre-absorbed with 20 ul of a slurry of FU4EC " This is confirmed by site-directed mutagenesis of the amino 

domain coupled to Sepharose (see example 4). no phospho- acid residues adjacent to the cleavage site, which would 

rylation was obtained (lane 4), showing that the activity prevent the cleavage. 

responsible for FIt4 autophosphorylation was indeed the On the other hand, the Flt4 ligand is characterized by 

FU4 ligand. Thus, these results demonstrate that the Flt4-L 35 progressive 3' deletions in the 3* coding sequences of the 

plasmid vector clone having an approximately 2.1 kb insert FU4 ligand precursor clone, resulting in carboxy-terminal 

and containing, the open reading frame shown in FIG..9B is truncations of its protein product. The activities of such 

expressed .into a Flt4 ligand . in cells transfected with the truncated forms are assayed by. for example, studying FU4 

FU4-L expression vector clone, and thus is biologically autophosphorylation induced by the truncated proteins when 

active. The sequence encoded by that open reading frame is 40 applied to cultures of cells, such as NIH3T3 cells expressing 

shown in SEQ ID NO: 33- Plasmid pFLT4-L has been LTRFIt4. By extrapolation from studies of the structure of 

deposited with the American Type Culture Collection. 12301 the related platelet derived growth factor (PDGF, reference 

Parklawn Drive. Rockville, Md. 20852 as accession number Heldin et al.. Growth Factors 8:245-252 (1993)) one deter- 

97231. The approximately 2.1 kb cDNA insert of the depos- mines that the region critical for receptor activation by the 

ited plasmid pFLT4tL was sequenced and found to have a 45 FU4 ligand is contained within its first approximately 180 

nucleotide sequence that includes the 1997 nucleotides of amino acid residues of the secreted VEGF-C protein lacking 

sequence set forth in SEQ ID NO: 44. The nucleotide the signal sequence, and apparently within the first approxi- 

sequence set forth in SEQ ID NO: 44 encodes the 419 mately 120 amino acid residues. 

residue amino acid sequence set forth in SEQ ID NO: 45. On the other hand, the difference between the molecular 
However, the predicted molecular weight of the mature 50 weights of the purified ligand and the open reading frame of 
protein product deduced from ihe reading frame specified in the Flt4 precursor clone may be due to the fact that the 
SEQ ID NOs: 32-33 is 35881 and the FU4 ligand from PC-3 . soluble ligand was produced from an alternatively spliced 
cell cultures bad an approximate molecular weight of 23 kD mRNA which would also be present in the PC-3 cells, from 
under reducing conditions. It is thus possible that the FU4-L which the isolated ligand was derived. To isolate such 
mRNA may be first translated into a precursor, from which 33 alternative cDNA clones one uses cDNA fragments of the 
the mature ligand is derived by proteolytic cleavage. The deposited clone and PCR primers made according to the 
difference. in the observed molecular weight of the isolated sequence provided as well as techniques standard in the art 
FH4 ligand. and the! deduced molecular weight of the dis- to isolate or amplify alternative cDNAs from the PC-3 cell 
closed open reading frame of the Flt4 ligand sequence may cDNA library. One may also amplify using reverse tran- 
^.cr. Zzzi sz frr- zz~-~?.i?z ir. th? c^rb?™ 1 "^minni r*™ n ,^n t ; nn fOTuPCR directly from the PC-3 mRNA using the 
of me latter. ^o.AeFIt4iigand may be glycosylated at two., primers provided in the sequence of the H14-L. cione. 
putative N-Linked glycosylation sites , conforming to the. Alternative cDNA sequences are determined from die result- 
consensus which can be identified in the deduced FU4 ligand ing cDNA clones. One can also isolate genomic clones 
amino acid sequence (N-residues underlined in FIGS. 10B corresponding to the FU4-L transcript from a human 
and IOC. . w genomic DNA library using methods standard in the art and 
The carboxyl terminal amino acid sequences, which to sequence such clones or their subcloned fragments to 
increase the predicted molecular weight of the Flt4 ligand reveal the corresponding exons. Alternative exons can then 
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recombinant VEGF-C stimulated tyrosine autophosphoryla- attachment towards wells containing media conditioned by 

rinn of VEGFR-2 and the intensity of the autophosphory- the non-transfected (control) or transfected (mock; VEGF- 

Tated r»lywiid« band was increased upon concentration of C: VEGF) ceils. 6 days after addition of the media. The 

the VEGF-C CM (lanes 3-5). Furthermore, the stimulating number of cells migrating out from the original ring of 

effect was abolished after pre treatment of the medium with 5 attachment was counted in five adjacent 0.5 mmx05 mm 

the FH4EC affinity matrix (compare lanes 1. 5 and 6). The squares using a microscope ocular lens grid and 

maximal effect of VEGF-C in this assay was comparable to lOxmagnification. Cells migraung further than 0.5 mm were 

the effect of recombinant VEGF added to unconditioned counted in a similar way by moving the gnd m 0.5 mm steps, 

medium at concentration of 50 ng/ml (lane 8). Pretreatment The experiments were carried out tw.ee with similar results. 

o73T££m containing VEGF with FU4EC did not in and medium values from the one of the e*r™« are 

aboHsh ^stimulating effect on VEGFR-2 (compare lanes 7 presented with standard error bars. The photographs m FIG. 

and 8) These results suggest that the VEGF-C expression ISB depict phase^contrast microscopy and fluorescent 

vector encodes a ligand not only for Flt4 (VEGFR-3). but microscopy of the nuclear stammg of BCE cells migrating 

u^JvPnFR 2^ towards the wells containing media conditioned by the 

VEGF-C on tyrosine phosphorylation of PDGF receptor P menu ... 

(PDGFR-8) which is abundantly expressed on fibroblastic After 6 days of treatment, the cultures were stained and 

cells. As can be seen from FIG. I4B. a weak tyrosine cells at different disunces outside of the original nng of 

Dhosbhorvlarion of FDGFR-6 was detected upon stimulation attachment were counted using fluorescent nuclear staining 

of Flt4-expressing NIH3T3 cells with CM from the mock- and detection with a fluorescence microscope equipped with 

transfected cells (compare lanes I and 2). A similar low level a grid. A comparison of the numbers of migrating cells in 

of PDGFR-0phosphor>Iation was observed when the cells successive 0.5 mmx0.5 mm areas « shown in FIG. Id A As 

were incubated with CM from the VEGF-C transfected cells. * can be seen from the columns. VEGF-C-contaimng CM 

with or without prior treatment with FU4EC (lanes 3 and 4). stimulated cell migration more than medium conditioned by 

In contrast, the addition of 50 ng/ml of PDGF-BB induced the non-transfected or mock-transfected cells but less than 

a promment tyrosine autophosphorylation of PDGFR-p medium from cells n^sfected with a VEGF expression 

f lane 5> vector. An example of typical phase contrast and fluorescent 

U '* 30 microscopic fields of cultures stimulated with medium from 

EXAMPLE 15 mock-transfected or VEGF-C transfected cells is shown in 

collagen uci rf compare d lo the stimulation by CM from 

CM from cell cultures transfected with the VEGF-C 35 VEGF-transfected cells, 
expression vector was placed in a well made in collagen gel 

and used to stimulate the migration of bovine capillary EXAMPLE 16 
endothelial (BCE) cells in the three-dimensional collagen 

gel as follows. VEGF-C is Expressed in Multiple Tissues 

BCE cells (Folkman et aL. Proc Nat'! Acad. Sex USA, 40 Nonhcrn bIots containing 2 micrograms of isolated poly 

76:5217-5221 (1979) were cultured as de ^bedrn human (Wol from ci ontcch) 

(PertovaaraetaL,/. B.oL C/iem.. 269:6271-74 ( 994)). The * ' d ^ a £ aMdvtly ^led ijxscxt c f the 2.0 kb 

collagen gels were prepared by mixing type I coUagen stock VEGF-C cDNA clone. Northern blotting and hybridization 

solution (5 mg/iril in 1 mM HCl) with an equal volume of anal u showed that the 2.4 kb RNA and smaller amounts 

2xMEM and 2 volumes of MEM containing 10% newborn 45 Qf ^ Q kfc> mRNA ^ expressed in multiple human tissues, 

calf serum to give a final coUagen concentration of 1-5 prominently in the heart, placenta, muscle, ovary and 

mg/ml. The tissue culture plates (5 cm diameter) were $ma ,, F mtestinc (FIG . 16A). Very little VEGF-C RNA was 

coated with about I mm thick layer of the solution, which * fa ^ ^ of lhyTnus and peripheral blood 

was allowed to polymerize at 37° C BCE cells were seeded ^ appeared negative. A similar analysis of 

on top of mis layer. Forth* migration assays, the cells were 50 ^ human fetal tissues (FIG. I6B) shows that 

allowed to attach inside a plastic ring (I cm diameter) placed V EGF-C is highly expressed in the kidney and lung and to 

on top of the first collagen layer. After 30 miiu. the nng was dcf ~ m the liver, while essentially no expression 

removed and unattached cells were rinsed away A second detected in the brain. Interestingly. VEGF expression 

layer of collagen and a layer of grou^ medium (5% correlates with VEGF-C expression in these tissues, whereas 

newborn calf senim (NCS)). solidified by 0.75% low melt- 55 ™ . h , expressc <j in all tissues analyzed, 

ing point agar (FMC BioProducts. Rockland. Me.), were vtor-o u my. y v 

added. A well (3 mm diameter) was punched through all the EXAMPLE 17 
layers on both sides of the cell spot at a distance of 4 vaiti, 

and the sample or control media were pipetted daily into the -p^ VEGF-C Gene Localizes to Chromosome 4q34 

wells. Photomicrographs of the cells migrating out from the 60 i.„i„,vt. 

spot edge were taken after six days through an Olympus CK A DN A panel of 24 mterspecies somatic «U hybrids. 

2 inverted microscope equipped with phase-contrast optics: which had retained one or two human ^n^somes. was 

The migrating cells were counted after nuclear staining with used for the chromosomal localization of the £ 5 Ur "^ g "~ 

the fluorescent dye bisbenzimide (I mg/ml. Hocchst 33258, (Bios Laboratories, Inc., New Haven. Conn.), rimers were 

Sigma). • <a designed to amplify an abom 250 bp fragment of the 

FIG. ISA depicts a comparison of the number of cells VEGF-C gene from somatic cellhybnd DNA The pnmers 
migrating at different distances from the original area of and conditions for polymerase chain reaction (r^K) were 
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5'-TGAGTGATTTGTAGCTGCTGTG-3* (forward) [SEQ 
ID N0341 and 5-TATTGCAGCAACCCCCACATCT-3* 
(reverse) (SEQ ID NO:35] for VEGF-C <94« C. 60s/62° C 
45s/72° C. 60s). The PCR products were evaluated by 
electrophoresis in 1% agarose gels and visualized by 
ethidium bromide staining in ultraviolet light, [a- ~PJ- 
dCTP-Iabelled cDNA inserts of a plasmid representing the 
complete VECF-C coding domain was used as a probe in 
Southern blotting and hybridization analysis of the somatic 
cell hybrid DNAs as instructed by the supplier (Bios 
Laboratories). 

The cell lines for fluorescence in situ hybridization 
(FISH) were obtained from the American Type Culture 
Collection (Rockville. Md.). Purified DNA from PI clones 
7660 and 7661 (VEGF-C) (Genome Systems. Inc.. St. 
Louis. Mo.) were confirmed positive by Southern blotting of 
Eco Rl-digested DNA followed by hybridization with the 
VEGF-C cDNA. The PI clones were then labelled by nick 
translation either with biotin-l I-dUTP. biotin-14-ATP 
(Sigma Chemical Co., Sl Louis, Mo.) or digoxigenin 
ll-dUTP(Boehringer Mannheim GmbH. Mannheim. 
Germany) according to standard protocols. PHA-stimulated 
peripheral blood lymphocyte cultures were treated with 
5-bromodeoxyuridine (BrdU) at an early replicating phase to 
induce G-banding. See TaJcahashi et aL, Human Genet.. 
86:14-16 (1995); Lemieux et aU CytogencL Cell Genet.. 
59:311-12 (1992). The FISH procedure was carried out in 
50% formamide. 10% dextran sulphate in_2xSSC using 
well-known procedures. See. e.g.. Rytkonnen et aU 
Cytogeneu Cell Genet.. 68:61-63 (1995); Lichter et al„ 
Prvc. Natl. Acad. Set. USA 85:9664-68 (1988). Repetitive 
sequences were suppressed with 50-fold excess of Cot- 1 
DNA (BRL. Gaithersburg. Md.) compared with the labeled 
probe. Specific hybridization signals were detected by incu- 
bating the hybridized slides in labelled antidigoxigenin 
antibodies, followed by counterstaining with 0.1 mmol/L 
4.6-diamino-2-phenyIindole. Probe detection for two-color 
experiments was accomplished by incubating the slides in 
fluorescein isothiocyanate (FTTC)-anti-digoxigenin antibod- 
ies (Sigma Chemical Co.) and Texas red-avidin (Vector 
Laboratories, Burlingame, Calif.) or rhodamine -anti- 
digoxigenin and FTTC-avidin. 

Multi-color digital image analysis was used for 
acquisition, display and quantification of hybridization sig- 
nals of metaphase chromosomes. The system contains a 
PXL camera (Photometries Inc.. Tucson. Ariz.) attached to 
a PowerMac 7100/Av workstation. IPLab software controls 
the camera operation, image acquisition and Ludl Filter 
wheel. At least 50 nuclei were scored. Overlapping nuclei 
and clusters of cells were ignored. A slide containing normal 
lymphocyte metaphase spreads and interphase nuclei was 
included in each experiment to control for the efficiency and 
specificity of the hybridization. 

In order to determine the chromosomal localization of the 
human VEGF-C gene. DNAs from human rodent somatic 
cell hybrids containing defined sets of human chromosomes 
were analyzed by Southern blotting and hybridization with 
the VfcUr'-C CUINA probe. Among 24 uWA sampics un uic 
hybrid panel, representing different human chromosomes, 
human-specific signals were observed only in hybrids which 
contained human chromosome 4. The results were con- 
firmed by PCR of somatic cell hybrid DNA using VEGF-C 
specific primers, where amplified bands were obtained only 
from DNAs containing human chromosome 4. 

A genomic PI plasmid for VEGF-C was isolated using 
specific primers and PCR and verified by Southern blotting 
and hybridization using a VEGF-C specific cDNA probe. 
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The chromosomal localization of VEGF-C was further stud- 
ied using metaphase FISH. Using the PI probe for VEGF-C 
in FISH a specific hybridization to the 4q34 chromosomal 
band was detected in 40 out of 44 metaphases (FIG. 17). 
3 Double-fluorochrome hybridization using a cosmid probe 
specific for the aspartylglucosaminidase (AG A) gene 
showed that VEGF-C is located just proximal to the AG A 
gene previously mapped to the 4q34-35 chromosomal band. 

10 B iotin labelled VEGF-C P 1 and digoxigenin labeled AG A 
cosmid probes were hybridized simultaneously to 
metaphase chromosomes. This experiment demonstrated 
that the AG A gene is more telomerically located than the 

15 VEGF-C gene. The foregoing example demonstrates the 
utility of polynucleotides of the invention as chromosomal 
markers. 

20 EXAMPLE 18 

Effect of Glucose Concentration and Hypoxia on 
VEGF. VEGF-B and VEGF-C mRNA levels in C6 
Glioblastoma Cells 

Confluent cultures of C6 cells (ATCC CCL 107) were 
grown on 10 cm diameter tissue culture plates containing 23 
ml of DM EM and 5% fetal calf serum plus antibiotics. The 

10 cultures were exposed for 16 hours to normoxia in a normal 
cell culture incubator containing 5Se C0 2 (FIG. 18: lanes 
marked -) or hypoxia (FIG. 18: lanes marked +) by closing 
the culture plates in an airtight glass chamber and burning a 

3J piece of wood inside until the flame was extinguished due to 
lack of oxygen, Polyadenylated RNA was isolated (as in the 
other examples), and 8 micrograms of the RNA was elec- 
trophoresed and blot-hybridized with a mixture of the 
VEGF. VEGF-B and VEGF-C probes (see FIG. 12). The 

40 results show that hypoxia strongly induces VEGF- A mRNA 
expression (compare lanes - and +), both in low and high 
glucose, but has no significant effect on the VEGF-B mRNA 
levels. The VEGF-C mRNA isolated from hypoxic cells runs 

' slightly faster in gel electrophoresis and an extra band of 

*' faster mobility can be seen below the upper mRNA band. 
This observation suggests that hypoxia affects VEGF-C 
RNA processing. One explanation for this observation is that 
VEGF-C mRNA splicing is altered, affecting the VEGF-C 

50 open reading frame and resulting in an alternative VEGF-C 
protein being produced by hypoxic cells. Such alternative 
forms of VEGF-C and VEGF-C -encoding polynucleotides 
are contemplated as an aspect of the invention. 

55 Deposit of Biological Materials: Plasmid FLT4-L has 
been deposited with the American Type Culture Collection 
(ATCC). 12301 Parklawn Dr- Rockville Md. 20852 (USA), 
pursuant to the provisions of the Budapest treaty, ami ii<*» 

w been assigned a deposit date of Jul. 24, 1995 and ATCC 
accession number 97231. 

While the present invention has been described in terms 
of specific embodiments, it is understood that variations and 
M modifications will occur to those in the art. Accordingly, 
only such limitations as appear in the appended claims 
should be placed on the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

liiil NUMBER OF SEQ U ENCES: 45 



(2) INFORMATION FOR SEQ ID NOilY 

U) SEQUENCE CHARACTER 1 5TXCS : 
- (At LENGTH; 20 base pairs 
. (81 TYPE: nucleic acid 
(CI STRANDEDNESS : single . 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DtIA (genomic) 

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: It 

TGTCCTCGCT GTCCTTGTCT 20 



(2) I II FORMAT! ON FOR SEQ ID NOj2: 

(i) SEQUENCE CHARACTERISTICS : 

(A> LENGTH: 70 base pairs. 
(Bt TYPE i nucleic acid 
(C> STRANDEDNESS : single 
(D> TOPOLOGY.- linear 

(ii) MOLECULE TYPE: DHA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
ACATGCATGC CACCATGCAG CGGG3CGCCG CGCTCTGCCT GCSACTCTCG CTCTGCCTGG SO 
GACTCCTGGA 70 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID* HO:J: 
, ACATGCATGC COCCCOGGTC ATCC 24 



(2) INFORMATION FOR SEQ ID MO:4t 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(8) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ... 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 : '" 
CGGAATTCCC CATGACCCCA AC ,22 



(2) INFORMATION FOR SEQ XO (10:5: ■ ■ 

(1) SEQUENCE CHARACTERISTICS i 

,(A) LENGTH: 33 base. pairs' 
(8) TYPE: nucleic acid * 

(C) : STRANDEDNESS: single :: 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DKA (genomic) 
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(Xi) SEQUENCE DESCRIPTION: SEQ 10 HOiS: 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 



(2) INFORMATION FOR SEQ ID NOiSt 

( i) SEQUENCE CHARACTER I ST ICS : 

(A) LENGTH j 1? base pairs 

(B) TYPE: nucleic acid 
(C» STRANOEDNESS: single 
(0) TOPOLOGY i linear 

(ii) MOLECULE TYPE i OKA {genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:«: 

ATTTAGGTGA CACTATA 



(2) INFORMATION FOR SEQ XD NO:7i 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE : nucleic acid 

(C) STRANOEDNESS : single 
(O) TOPOLOGY s linear 

(iil MOLECULE TYPES DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0i7i 

CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 



(2) INFORMATION FOR SEQ ID N0:S: 

(i) SEQUENCE CHARACTERISTICS J 

(A) LENGTH : 40 e«in©' : acids 
(B> TYPE i amino acid 
(C> STRANOEDNESS i single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ZD «0: 8: 

Pro Met Thr Pro Thr Thr Tyr Lys Gly Ser v*l Asp Asn Gin Thr Asp 
1 5 . 10 15 

Ser Gly Met Val Leu Ala Ser Glu Glu phe Glu Gin lie Glu Ser Arg 
20 35 30 

His Arg Gin Glu Ser Gly Phe Arg 
35 40 



(2) INFORMATION FOR SEQ ID NO:9i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
<xl) SEQUENCE DESCRIPTION: SEQ XD NO:9: 
CTGGAGTCGA CTTGGCGGAC T 



(2) INFORMATION FOR SEQ ID BO: 10: 

ti> SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 60 base pairs 
(6) TYPE: nucleic acid 
(C) STRANOEDNESS: single 
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-continued 



(O) TOPOLOGY j linear 
(ii) MOLECULE TYPE: DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID WOilO: 
CGCGGATCCC TAGTGATGGT GATCGTGATC TCTACCTTCG A7CATGCTGC CCTTATCCTC 

(2 J It! FORMAT I ON FOR SEQ ID NO: 11: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDt JESS i single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE : OKA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 11: 

CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTER I ST I CS : 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
(Dt TOPOLOGY: linear 

(ii) MOLECULE TYPE: DKA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 12: 

GTTGCCTGTG ATGTCCACCA 

(2) INFORMATION FOP. SEQ ID NO: 13 1 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa Glu Glu Thr lie Lys Phe Ala Ala Al* His Tyr Asn Thr Glu He 
1 S 10 IS 

Leu Lys 

(2) INFORMATION FOR SEQ ID NO. 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs . 
(8) TYPE: nucleic acid 
<C> STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: SNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID HO: 14 : 

GCAGARGARA QIATHAA 

(2) INFORMATION FOR SEQ ID NO: IS: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH : S amino acids . 
(8) TYPE: amino acid 
IC) STRANDEDNESS: single 
(0) TOPOLOGY: linear 
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Hi) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

Glu Glu Thr lie Lys 
1 5 



(2i I II FORMAT I ON FOR SEQ ID HO: 16: 

(1) SEQUENCE CHARACTERISTICS i 
(At LENGTH: IB base pairs 
18) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 16: 

GCAYTTKARD ATYTCNGT 



(2) INFORMATION FOR SEQ ID NO: 17: 

(il SEQUENCE CHARACTERISTICS: 
(A) LENGTH: S amino acids 
(B> TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Thr Clu lie Leu Lys 
1 5 



(2) INFORMATION FOR SEQ ID NO:16t 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS i single 

(D) TOPOLOGY: linear 

(it) MOLECULE TYPE j DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 : 
ATTCCCTGCA GCACACTACA AC 



(2) INFORMATION FOR SEQ ID NO:19» . 

(i) SEOUENCE CHARACTERISTICS: 
(A) LENGTH: 19 base pairs 
(6) TYPE: nucleic acid 

(C) STRANDEDNESS) single 

(D) TOPOLOGY x linear 

(ii) MOLECULE TYPE: DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 19: 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE OESCHI PTIOIJ i SEQ ID HO: 20: 

Ala Ala His Tyr Asn Thr Glu 
1 S 



(2) INFORMATION FOP. SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS : 
(Al LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) HOLECULE TYPE: ONA (genomic) 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
TAATACCACT CACTATAGGG 



(2) INFORMATION TOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(Bl TYPE; nucleic acid 
(C) STRAND EDNESS : single 
(O) TOPOLOGY: linear 

,UU MOLECULE TYPE: DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID 110:2:: 

GTTGTAGTGT GCTGCACCGA ATTT 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 0 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNES S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Lys Phe Ala Ala Ala His Tyr Asn 
1 S 



(2) INFORMATION FOR SEQ ID KO,24< 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(S) TYPE: nucleic acid ' 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(Xl) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TCACTATAGG GAGACCCAAC C 



(2) INFORMATION FOR SEQ ID NO: 23: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEONESS: single 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
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TCACTATAGG GAGACCCAAG CTTCGTACCG AGCTCGCATC CACTAGTAAC GCCCCCCACT 
GTGGTGGAAT TCGACGAACT CATGACTGTA CTCTACCCAC AATATTCCAA AATGTACAAC 
TGTCAGCTAA CCCAAGCAGG CTGGCAACAT AACAGAGAAC ACSCCAACCT CAACTCAAGG 
ACAGAAGAGA CTATAAAATT CGCTGCAGCA CACTACAAC 



(2 J III FORMAT I ON FOR SEQ IO WO; 26: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 
(C> STRAWDEDNESS : single 
(0) TOPOLOGY: linear 

<ii> MOLECULE TYPE; DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 26: 

ACAGAGAACA GGCCAACC 



(2) INFORMATION FOR SEQ IO N0i27i 

(i) SEQUENCE CHARACTERISTICS t 
(A) LENGTH: 19 base pairs 
(Bl TYPE; nucleic acid 

(C) STRAWDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (genomic! 
(xi) SEQUENCE DESCRIPTION; SEQ ID HO: 27: 
TCTAGCATTT AGGTGACAC 



(2) INFORMATION FOR SEQ ID WO: 28: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 25 base pairs 

(B) .TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28i 
AAGAGACTAT AAAATTCGCT GCAGC 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) . TYPE: nucleic acid 

(C) STRAWDEDNESS J single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DMA (genomic) 
■ (xi) SEQUENCE DESCRIPTION*: SEQ ID' WO: 29: 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS. 
• (A) LENGTH t - 24 base pairs 
•(B) TYPE: nucleic acid 

(C) STRAKDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DHA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ XO MO: 30: 
G TT G TASTGT CCTGCACCCA. ATTT 

(2) X N FORMAT I OH FOR SEQ ID NO: 11: 

(II SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 21 base pairs 

(B) TYPE: nucleic acid 
(CI STRAtrDEDrJESS i single 
(D) TOPOLOGY: linear 

(iil MOLECULE TYPE j ' DllA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ XO HO: 31: 

TCACTATAGG CAGACCCAAC C 



12) INFORMATION FOR SEQ ID NO: 32: 

<i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1140 base pairs 

(B) TYPE: nucleic acid 
IC> STRANDS DII ESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genonic) 

<ix) FEATURE: 

(A) NAME /KEY; CDS 

(B> LOCATION: 37.. 1086 

(ix) FEATURE: 

(A) NAME /KEY: nacjeptide 
i&) LOCATION: 136.. 1066 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

GAGCAGTTAC GGTCTGTCTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 

Met Thr Val Leu Tyr Pro 
. -33 .-30 

GAA TAT TGC AAA ATG TAC AAG TGT CAG CTA AGG AAA CCA GGC TGG CAA 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 
-25 -20 -IS 

CAT AAC AGA GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie 
-10 -S 1 5 

AAA TTT GCT OCA GCA CAT TAT AAT ACA GAG ATC TTC AAA ACT ATT GAT 
Ly« Phe Ala Ala Ala His Tyr Asn Thr Glu He Leu Lys Ser He Asp 
10 IS 20 

AAT GAG TGG AGA AAG ACT CAA TGC ATG OCA CGG GAG GTG TGT ATA GAT 
Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu Val Cys He Asp 
25 30 35 

GTG GGG AAG GAG TTT GGA GTC GCC ACA AAC ACC TTC TTT AAA OCT CCA 
Val Gly Lys Glu Phe Gly Val Ala Thr' Asn Thr Phe Phe Lys Pro Pro 
40 45 SO 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT ACT GAG GGG CTG 
Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 
SS CO «5 

CAG TGC ATG AAC ACC AGC ACC AGC TAC CTC AGC AAC ACC TTA TTT CAA 
Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
7 ° IS 80 85 

ATT ACA CTG CCT CTC TCT CAA GGC CCC AAA CCA CTA ACA ATC ACT TTT 
lie Thr v*l Pro Leu Ser Gin CI y, Pro Lys . Pro Val Thr lie Ser Phe 
90 « 100 

GCC AAT CAC ACT TCC TGC CCA TCc'aTC TCT AAA CTG CAT CTT TAC AGA 
Ala Asn His Thr Ser. Cys Arg Cys Met Ser Lya Leu Asp Val Tyr Arg 
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CAA CTT CAT TCC ATT ATT ACA CCT TCC CTG CCA CCA ACA CTA CCA CAG 
Gin Val His Ser lie He Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin 
120 125 130 

TOT CAG GCA GCG AAC AAG ACC TCC CCC ACC AAT TAC ATG TGG AAT AAT 
Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Aim Asn 
135 "0 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG CAT 
His He Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 
150 155 1«0 lfiS 

GCT GGA GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 
Ala Gly Asp Asp Ser Thr Asp Gly phe His Asp He Cys Gly Pro Asn 
170 1^5 1B0 

AAG GAG CTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 
Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
' 185 190 195 

CCC CCT GCC ACC TGT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TCC 
Arg Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp- Arg Asn Ser Cys 
200 205 210 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG CCC AAC 
Gin Cys Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn 
215 220 225 

CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT CTA TGT AAA AGA ACC TCC 
Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys 
230 23S 240 245 

CCC AGA AAT CAA CCC CTA AAT CCT GGA AAA TGT GCC TGT .CAA TGT ACA 
Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 
250 2SS 260 



GAA ACT CCA CAG AAA TGC TTG'TTA AAA GCA AAG AAG TTC CAC CAC CAA 966 
Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gin 
2SS 270 275 

ACA TGC AGC TGT TAC AGA CGG CCA TGT ACC AAC CCC CAG AAG GCT TGT 1014 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
280 285 290 

GAG CCA GGA TTT TCA TAT ACT GAA CAA CTG TGT CGT TGT GTC CCT TCA 1062 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val' Cys Arg Cys Val Pro Ser 
295 300 305 

TAT TGC AAA AGA CCA CAA ATG AGC TAAGATTCTA ITU IT U CCA GTTCATCGAT 11 1C 
Tyr Trp Lys' Arg Pro Gin Met Ser 
310 315 



TTTCTATTAT GGAAAACTGT GTTG 

(2) INFORMATION FOR SZQ ID KOt33t 

<±> SEQUENCE CHARACTERISTICS t 

<A) LENGTH ; 350 amino acids 
<B> TYPE j Amino acid 
(D* TOPOLOGY.- linear 

(ii» MOLECULE TYPE i protein 

1X1 1 



Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Net Tyr Lys Cys Gin Leu 
-33 -30 -25 -20 

Arg Lys Gly Gly Trp Gin His Asn Arg .Glu Gin Ala Asn Leu Asn Ser 
-IS -10 ^ -5 

Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 



He Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
20 25 30 



43 
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Arg Clu Val Cys He Asp 



Val Gly Lys Clu Phe Gly val Al* Thr Asn 



Thr Phe Phe Lys Pro Pro Cys V.l Ser Val Tyr Arg Cys Cly Cly Cys 

50 SS . 

CYS Asn Ser Clu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 

65 « 75 

Ser Lvs Thr Leu Phe Glu He Thr val Pro Leu Ser Cln Gly Pro Lys 
SO * 65 90 95 

Pro val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser 
100 105 



Lys Leu Asp Val Tyr Arg 
115 



Gin Val His Ser He He Arg Arg Ser Leu 
120 12S 



Pro Ala Thr Leu Pro Cln Cys Cln Ala Ala Asn Lys Thr Cys Pro Thr 
130 "S 140 

Asn Tyr Met Trp Asn Asn His He Cys *rg Cys Leu Ala Gin Glu Asp 
1 is ISO 155 

Phe Ket Phe Ser Ser Asp Al* Gly Asp Asp Ser Thr Asp Gly Phe His 
1€0 1«5 I" 70 175 

Asp He Cys Cly Pro Asn Lys Glu . Leu Asp Glu Clu Thr Cys Cln Cys 
180 1 B 5 X90 

Val Cys Arg Ala Cly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Clu 

195 200 ... 205 

Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 
210 =15 2=0 

Ser Gin Cys «y Ala Asn Arg Clu Phe Asp Clu Asn Thr Cys. Cln Cys 
225 230 235 

Val Cvs Lvs Arg Thr Cys Pro Arg Asn Cln Pro Leu Asn Pro Cly Lys 
240 2*5 250 255 

CYs Ala Cys Clu Cvs Thr Glu Ser Pro Cln Lys Cys Leu Leu Lys Gly 
260 265 270 

Lys Lys Phe His His Cln Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 
275 280 285 

Asn Arg Cln Lys Ala Cys Clu Pro Cly Phe Ser Tyr Ser Glu Clu Val 
290 2»5 300 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Cln Met Ser 
305 310 315 

(2> IN FORMAT X ON TOR SEQ ID NO: 34: 



11) SEQUENCE CHARACTERISTICS : 

(A) LENGTH t 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS: single ... 

(D) TOPOLOGY t linear 

(ill MOLECULE TYPE i DMA (genomic) 

(xl) SEQUENCE DESCRIPTION! SEQ ID HOi34i 



TGAGTGATTTGT AGCTGCTG TO 



{2 J INFORMATION FOR SEQ ID NO: 35; 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH t 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEBHESS s single 
(D> TOPOLOGY $ linear 
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(ii) MOLECULE TYPE: OKA (genomic) 
(xi> SEQUENCE DESCRIPTION: SEO ID NO: 35: 
TATTGCAGCAACCCCCACATCT 

IZ) INFORMATION FOR SEO IO WO: 36: 

ti) SEQUENCE CHARACTERISTICS: 

(At LENGTH: 196 amino acids 
(B) TYPE* amino acid 
<CJ STRAND EDI JESS : Mot Relevant 
(D) TOPOLOGY: Not Relevant 

(ii) MOLECULE TYPE: protein 

Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Met Arg Thr Trp Ala Cys Leu Leu Leu Leu Cly Cys Cly Tyr Leu Ala 
1 S 10 IS 

His Ala Leu Ala Clu Glu Ala Glu He Pro Arg Clu Leu lie Glu Arg 
20 25 30 

Leu Ala Arg Ser Gin lie Hi* Ser Xle Arg Asp Leu Gin Arg Leu Leu 
35 40 45 

Glu Xle Asp Ser Val Cly Ala Glu Asp Ala Leu Glu Thr Ser Leu Arg 
SO 5S 60 

Ala His Gly Ser His Ala Xle Asn His Val Pro Glu Lys Arg Pro Val 
65 70 75 B0 

Pro Xle Arg Arg Lys Arg Ser lie Glu Glu Ala lie Pro Ala Val Cys 
85 90 95 

Lys Thr Arg Thr Val Xle Tyr Glu lie Pro Arg Ser Gin V»l Asp Pro 
100 105 HO 

Thr Ser Ala Asn Phe Leu lie Trp Pro Pro Cys Val Glu Val Lys Arg 
11S 120 ' 125 

Cys Thr Cly Cys cys Asn Thr Ser Ser Val Lys Cvs Gin Pro Ser Arg 
130 135 ' 140 

Val His His Arg Ser Val Lys Val Ala Lys Val Glu Tvr Val Arg Lys 
US ISO -15S 160 

Lys Pro Lys Leu Lys Olu Val Gin Val Arg Leu Glu Glu His Leu Glu 
X65 170 175 

Cys Ala Cys Ala Thr Ser Asn Leu Asn Pro Asp His Arg Glu Glu Clu 
100 IBS 190 

Thr Asp Val Arg 

195 



(2) INFORMATION FOR SEQ ID NOi37i 

<i> SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 241 amino acids 

(B) TYPE: amino acid 

(CI STRAND EONESS : Not Relevant 
(O) TOPOLOGY: Not Relevant 

(ii) MOLECULE TYPE: protein 

(jci) SEQUENCE DESCRIPTION: SEQ ZD NOiJ7i 

Met Asn Arg Cys Trp Ala Leu phe Leu Ser Leu Cys Cys Tyr Leu Arg 

1 5 . 10 15 

Leu Val Ser Ala Glu Gly Asp Pro lie Pro Glu Glu Leu Tyr Glu Met 
20 25 30 

Leu Ser Asp His Ser Xle Arg Ser Phe Asp Asp Leu Gin Arg Leu Leu 
35 40 « Sv 
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His Gly Asp Pro Gly Glu Glu Asp Gly Ala Glu Leu Asp Leu Asa Met 
50 SS 60 

Thr Arg Ser His Ser Gly Gly Glu Leu Glu Ser Leu Ala Arg Gly Arg 
fiS 70 75 80 

Arg Ser Leu Gly Ser Leu Thr lie Ala Glu Pro Ala Met He Ala Glu 
8S 90 95 

Cys Lys Thr Arg Thr Glu Val Phe Glu He Ser Arg Arg Leu He Asp 
100 105 110 

Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin 
IIS 120 12S 

Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr 
130 135 140 

Gin Val Gin Leu Arg Pro Val Gin Val Arg Lys He Glu He Val Arg 
145 ISO 155 160 

Lys Lys Pro He Phe Lys Lys Ala Thr Val Thr Leu Glu Asp His Leu 
165 170 175 

Ala Cys Lys Cys Glu Thr Val Ala Ala Ala Arg Pro Val Thr Arg Ser 
180 185 190 

Pro Gly Gly Ser Gin Glu Gin Arg Ala Lys .Thr Pro Gin Thr Arg Val 
. 195 200 .205 

Thr He Arg Thr Val Arg Val Arg Arg Pro Pro Lys Gly Lys His Arg 
210 215 220 

Lys Phe Lys His Thr Kis Asp Lys Thr Ala Leu Lys Glu Thr Leu Gly 
225 230 23S 240 



(2) I M FORMAT 1 01 J FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 149 amino acids 
(B> TYPE: amino acid 
(C) STRANDEDNESS : Not Relevant 
<D> TOPOLOGY: Not Relevant 

(ii) MOLECULE TYPE: protein 

Oel) SEQUEMCE DESCRIPTION: SEQ ID HO: 38: 

Met Pro Val Mec Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala Gly 
1 5 10 15 

Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Ala. Gly 
20 25 . 30 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Val Trp Gly 
35 40 45 

Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 
50 55 60 

Tyr Pro Ser Glu Val Glu His Mec phe Ser Pro Ser Cys Val Ser Leu 
65 lO . , 75. 80 

Leu Arg Cys Thr Gly Cys Cys Gly Asp -Glu Asn Leu His Cys Val Pro 
85 . 90 95 

Val Glu Thr Ala Asn Val Thr Met Gin Leu Leu Lys He Arg Ser Gly 
100 105 110 

Asp Arg Pro Ser Tyr Val Glu Leu Thr Phe Ser Gin His Val Arg Cys 
US 120. .125 

Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Cys Gly Asp 
130 . 135 140 



49 
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Ala v*l Pro Arg Arg 

145 



(2) INFORMATION FOR SEQ IO KO:39: 

(i) SEQUENCE CHARACTER I ST ICS : 

(A) LENGTH: 170 amino acids 

(B) TYPE: amino acid 

<C> STRAND EDNES S : Not Relevant 
• (DJ TOPOLOGY « NOC Relevant 

(ii) MOLECULE TYPE: protein 

Uf) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala Gly 
IS 10 15 

Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Ala Gly 

20 2S .30 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Val Trp Gly 
35 40 45 

Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 
SO SS ' 60 

Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro Ser Cys Val Ser Leu 
65 70 75 BO 

Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu Asn Leu His Cys Val Pro 
■ S 90 * SS 

Val Glu Thr Ala Asn Val Thr Met Gin Leu Leu Lys lie Arg Ser Gly 
100 10S 110 

Asp Arg Pro Ser Tyr Val Glu Leu Thr Phe Ser Gin His Val Arg Cys 
115 120 125 

Glu Cys Arg Pro Leu Arg Glu Is/a Met Lys Pro Glu Arg Arg Arg Pro 
130 135 140 

Lys Gly Arg Gly Lys Arg Arg Arg Glu Lys Gin Arg Pro Thr Asp Cys 
145 150 15S 160 

His Leu Cys Gly Asp Ala Val Pro Arg Arg 
165 170 



(2) INFORMATION FOR SEQ ID NO:4 0t 

(1) SEQUENCE' CHARACTERISTICS > 

• (A) LENGTH i 147 amino acids 
(B) TYPE : amino acid 
(CI STRAHTJEDNESS: Not Relevant 
(D) TOPOLOGY 4 Hoc Relevant 

(ii) MOLECULE TYPE* protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:40t 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 



10 



15 



Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 2S 30 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
■*« an 44 

Arg Ser Tyr Cys His Pro lie Glu Thr Leu Val Asp lie Phe Gin Glu 



Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro Ser Cys Val Pro Leu 
65 '70 75 «0 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 

65 90 95 



US 6,245,530 Bl 
51 52 



-continued 



Tnr Clu Clu Scr Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 HO 

Gin Cly Gin His He Cly Clu Met Ser Phe Leu Gin Mia Asn Lys Cys 
H5 HO 125 

Clu Cy-3 Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Lys Cys A3p Lyo 
130 135 «0 

Pro Arg Arg 
145 



(2) INFORMATION FOR SEQ ID HO:4i; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 191 amino acids 

(B) TYPE.- amino acid 

<C) STRANDEDNESS : Moc P.e levant 
<D) TOPOLOGY: Mot Relevant 

(ill MOLECULE TYPE: protein 

<xi> SEQUENCE DESCRIPTION: SEQ JD 113:41: 

Met A»n Phe Leu Leu Ser Trp V*l His Trp Ser Leu Ala Leu Leu Leu 
15 10 15 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 2S 30 

Civ Glv Gin Asn .His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
35 40 45 

Arg Ser Tyr Cys His Pro He .Glu Thr Leu Val Asp He Phe Gin Glu 
SO 55 60 

Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
«S 70 75 60 

Met Arg Cys Gly Cly Cys Cys Aon Asp Glu Gly Leu Clu Cys Val Pro 
«5 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 110 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
115 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin .Glu Asn Pro Cys Gly 
130 135 1*0 

Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp Pro Gin Thr 
1*5 150 155 1*0 

Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin 
1<5 170 175 

Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg 

ieo las 190 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH t 215 amino acids 
(8) TYPE* amino add 
<C) STRANDEDNESS: Hoc Relevant 
<DI TOPOLOGY: Not Relevant 

. (ii) MOLECULE TYPE: protein 

(xil SEQUENCE DESCRIPTION: SEQ ZD HO: 42: 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 
1 5 10 15 



Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Clu Gly 
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20 25 30 

Gly Gly GId Asn His Hi* Glu Val Val lys Phe Met Asp val Tyx Cln 
35 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp He Phe Gin Glu 
SO 55 fiO 

Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
<S *0 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 
OS 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 110 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
US 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Lys Lys Ser Val 
130 " 13S 140 

Arg Gly Lys Gly Lys Gly Gin Lys Arg Lys Arg Lys Lya Ser Arg Tyr 
145 150 155 160 

Lys Ser Trp Ser Val Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys His 
165 170 175 

Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr 
ISO 1SS 190 

Asp Ser Arg Cys Lys Ala Arg Cln Leu Glu Leu Asn Glu Arg Thr Cys 
19S 200 205 

Arg Cys Asp Lys Pro Arg Arg 
210 215 



(2) INFORMATION FOR .SEQ ID N0j43: 

(1) SEQUENCE CHARACTERISTICS : 

(Al LENGTH; 232 amino acids 

(B) TYPE! amino acid 

(C) STRAND EDNESS : Not Relevant 
<D) TOPOLOGY j Not Relevant 

(11) MOLECULE TYPE j protein 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NO; 43 i 

Met Asn Phe Leu Leu Ser Trp val His Trp Ser Leu Ala Leu Leu Leu 
15 10 15 

Tyr Leu. His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Clu Gly 
20 25 30 

Gly Gly Cln Asn His His Clu Val Val Lys Phe Met Asp Val Tyr Gin 
35 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp He Phe Gin Glu 

SO .., 55 - 60 

Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
65 70 75 80 

Met Arg Cys Gly .Gly Cys Cys Asn Asp Clu Gly Leu Glu Cys Val Pro 
85 90 95 

. Thr Glu Glu Ser Asn He Thr Met Gin He Met' Arg He Lys Pro His 
100 105 no 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gla His Asn Lys Cys 
115 • 120 ■ 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Clu Lys Lys Ser Val 
130 135 140 

Arg Gly Lys Gly Lys Gly Gin. Lys Arg Lys Arg Lys Lys Ser Arg Tyr 
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Lys Ser Trp Ser Val Tyr Val Cly Ala Arg Cys Cya Leu Met Pro Trp 
16S no 115 

Ser Leu Pro Gly Pro His Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys 
ISO 165 190 

His Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn 
195 200 205 

Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr 
210 215 220 

Cvs Arg Cys Asp Lys Pro Arg Arg 
225 230 



(2) INFORMATION FOP- SEQ ID WO: 44: 

(il- SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 1997 base pairs 

(B) TYPE i nucleic acid 
{CI STRAND EDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDJIA 

(ix) FEATURE* 

<A> NAME/KEYj COS 

(B) LOCATION: 3S2..160S 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:44t 

CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CG3CG3C3TC CTCCCTCGCC 60 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCG3TTT CCTGTGASGC 120 

TTTT A CCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG lflO 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC CCCTCC G GCT CGCCCAGGGG GGGTCGCCGG 240 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGCG GCCCGCGGCC TCGCAGGGGC CCCCGCCCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC COCACCCCCG GTCCTTCCAC C ATG CAC 357 

Met His 



TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC OCT CCC CTG 405 
Leu Leu Cly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
S 10 15 

CTC COG GGT CCT CCC GAG COG CCC GCC GCC GCC CCC CCC TTC GAG TCC 453 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 - 25 30 

GGA CTC GAC CTC TOG GAC GCG GAG CCC GAC CCS GGC GAG GCC ACG GOT 501 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 40 45 SO 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA COG TCT GTG TCC ACT GTA 549 
Tyr Ala Ser Lys Asp Leu Clu Glu Gin Leu Arg Ser Val Ser Ser Val 
.55 60 65 

GAT CAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TOG AAA ATG TAC AAG 597 
Asp Glu Leu MeC Thr Val Leu' Tyr Pro Glu Tyr Trp Lys Net Tyr Lys 
70 75 80 

TGT .CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 64 5 

Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Al* Asn 
85 90 »5 

CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT CCT GCA GCA CAT TAT «_93 
Leu Asn Ser Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr 

100 105 - HO ' ' 

AAT ACA GAG ATC TTG AAA ACT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu He Leu Lye Ser Xle Asp Asn Glu Trp Arg Lys Thr Gin 
115 120 125 130 
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TCC ATG CCA CCO GAG GTG TCT ATA CAT GTG COG AAC GAG TTT GGA GTC 789 
Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe Gly Val 
135 140 145 

CCC ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TCT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val ?er Val Tyr Arg Cys 
150 155 160 

GGG GOT TGC TGC AAT AGT GAG GOG CTG CAC TGC ATG AAC ACC ACC ACG 885 
Gly Glv cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
1«5 1W 1?S 

AGC TAC CTC AGC AAG ACG TTA TTT CAA ATT ACA GTG CCT CTC TCT CAA 933 
Ser Tyr Leu Ser Lys Thr Leu Phe Clii lie Thr Val Pro Leu Ser Gin 
180 ias 190 

CGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lyo Pro Val Thr lie Ser Phe Ala Aon His Thr Ser Cys Arg 
195 200 205 210 

TGC ATC TCT AAA CTG CAT GTT TAC ACA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser lie lie Arg 
215 220 225 

CCT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG CCA CCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230. 235 240 

TCC CCC ACC AAT TAC ATC TGG AAT AAT CAC ATC TGC AGA TGC CTC CCT 112S 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala 
24 5 .250 255 

CAC CAA CAT TTT ATG TTT TCC TCC GAT CCT GCA CAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 =70 

CGA TTC CAT GAC ATC TCT GGA CCA AAC AAG CAG CTG GAT CAA CAG ACC 1231 
Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 26S 290 

TCT CAG TCT CTC TGC ACA CCG GGG CTT CGC CCT GCC AGC TCT GCA CCC 12S9 
Cvs Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 300 305 

CAC AAA CAA CTA CAC AGA AAC TCA TCC CAC TGT GTC TGT AAA AAC AAA 1317 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 315 320 

CTC TTC CCC ACC CAA TCT GGG CCC AAC CCA GAA TTT CAT GAA AAC ACA 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Aon Thr 
325 «0 335 

TGC CAG TGT CTA TCT AAA ACA ACC TGC CCC ACA AAT CAA CCC CTA AAT 1413 
Cys Gin Cys v«l Cys Lye Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 .350 

CCT GGA AAA TGT GCC TGT GAA TGT ACA CAA AGT CCA CAG AAA TGC TTC 14«1 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
355 360 3«5 370 

TTA AAA GGA AAC AAC TTC CAC CAC' CAA ACA TCC ACC TGT TAC ACA CGC 1509 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 380 385 

CCA TGT ACG AAC CCC CAG AAG CCT TCT CAG CCA CCA TTT TCA TAT ACT 1557 
Pro Cys Thr Asn Arg Cln Lys Ala Cys Clu Pro Gly Phe Ser Tyr Ser 
390 395 " 400 

GAA GAA CTG TGT CCT TGT GTC CCT TCA TAT TGC AAA AGA CCA. CAA ATG 
Clu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
405 410 415 

ACC TAAG A TTCTA CTGTTTTCCA GTTCATCCAT TTTCTATTAT GGAAAACTGT 1«S8 
Ser 

CTTGCCACAG TAGAACTGTC TCTCAACAGA CAGACCCTTG TGCGTCCATG CTAACAAAGA 1718 



CAAAAGTCTG TCTTTCCTCA ACCATCTGCA TAACTTTACA CAAATGGACT CCACCTCATC 1778 
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TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTTCC 1*3 8 

TCTTGTCATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTCTTTCT 1898 

GCAT7CATTT TTATACCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 195 8 

ATGCAAAATA TCTTTAAAAT AAAATGAAAA TTC7ATTAT 1997 

(2) I M FORMAT I ON FOR SEO ID MO: 45: 

(1) SEOUEtlCE CHARACTEP.ISTICS: 

(A) LEKGTH: 419 anino acids 
<B) TYPE i amino acid 
(D> TOPOLOGY: linear 

(ii> MOLECULE TYPE: protein 

<xi) SEQUENCE DESCP.IPTIOH: SEO ID HO: 45: 

Met His Leti Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
15 10 15 

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 

20 25 . 30 

Glu Ser Gly Leu Asp Leu Ser Asp Ala Clu Pro Asp Ala Gly Glu Ala 
35 40 45 

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser 
SO SS '60 

Ser Val Asp Glu Leu HeC Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met 
65 70 75 80 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 
85 90 .95 

Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala 
100 105 110 

His Tyr Asn Thr Glu He Leu Lyo Ser He Asp Asn Glu Trp Arg Lys 
115 120 125 

Thr Gin Cys HeC Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe 
130 13S 140 

Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 
145 150 155 160 

Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Het Asn Thr 
165 170 175 

Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu 
180 185 190 

Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser 
195 200 205 

Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He 
210 215 220 

lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
225 230 235 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His lie Cys Arg Cys 
245 250 - 255 

Leu Ala Gin Glu Asp Phe Met phe Ser Ser Asp Ala Gly Asp Asp Ser 
260 265 270 

Thr Asp Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu 
275 280 285 

Glu Thr Cys Cla Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 
290 295 ' 300 

Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys LY* 
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Asn Lyw Leu Phe Pro Scr Gin Cys Cly Ala Asn Arg Glu Phe Asp Glu 
«S 330 335 

Asn Thr Cys Gin Cy« val Cys Lya Arg Thr Cys Pro Arg Asn Gin Pro 
340 345 350 

L*u Asn Pro Gly Lys Cya Ala Cya Glu Cys Thr Glu Ser Pro Gin Lys 
335 360 365 

Cya Leu Leu Lys Gly Lys Lyo Phe His His Gin Thr Cys Ser Cys Tyr 
370 375 380 

Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser 
38S 390 . 39S 400 

Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro 
405 410 415 

Gin Met Ser 



What is claimed, is: 

1. A purified and isolated nucleic acid comprising a 
nucleotide sequence that encodes a polypeptide that binds to 
human Flt4 receptor tyrosine kinase (Fli4), said polypeptide 
having an amino acid sequence comprising a portion of the 
amino acid sequence shown in SEQ ID NO: 33 effective to 
permit such binding, said nucleic acid lacking a nucleotide 
sequence that encodes the portion of the amino acid 

• sequence shown in SEQ ID NO: 33 that has cysteine motifs 
of a Balbiani ring 3 protein. 

2. A purified and isolated nucleic acid according to claim 

1 wherein said polypeptide stimulates tyrosine phosphory- 
lation of human Flt4. , • ■' . 

3. A purified and isolated nucleic acid according to claim 

2 wherein said polypeptide has an. apparent molecular 
weight of about 23 kD as. assessed by SDS polyacrylamide 
gel electrophoresis under reducing conditions. 

4. A purified and isolated nucleic acid according to claim 
2 wherein said polypeptide comprises an amino- terminal 
amino acid sequence set forth in SEQ ID NO: 13. 

5. A purified and isolated nucleic acid according to claim 
4 wherein said polypeptide comprises approximately 120 
amino acids. 

6. A purified and isolated nucleic acid according to claim 
4 wherein amino terminal amino acids 2 through .18 of said 
polypeptide have an amino acid sequence identical to amino 
acids 2 through 18 set forth in SEQ ID NO: 13. 

7. A purified and isolated nucleic acid according to claim 
2 wherein said polypeptide comprises amino acids 1 to 120 
of SEQ ID NO: 33. 

8. A purified and isolated nucleic acid according to claim 
1 wherein said polypeptide has an apparent molecular 
weight of about 32 kDa as assessed by SDS polyacrylamide 
gel electrophoresis under reducing conditions. 

9. A nucleic acid according , to claim 1 wherein said 
portion of the amino acid sequence shown in SEQ ID NO: 
33 is a continuous ponton mac includes eignt, cysteines ox 
SEQ ID NO: 33 that are conserved in human vascular 
endothelial' growth factor (VECF). human platelet derived 
growth factor A (PDGF-A), and human platelet derived 
growth factor B (PDGF-B), and excludes the carboxyl 
terminal portion of SEQ ID NO: 33 that, contains cysteine 
motifs of a Balbiani ring 3 protein. . 

10. A nucleic acid according to claim 9 wherein said 
continuous portion has amino acid I of SEQ ID NO: 33 as 
its amino terminus. 



11. A nucleic acid according to claim I wherein said 
portion of the amino acid sequence shown in SEQ ID NO: 
33 is a continuous portion having amino acid 1 of SEQ ID 
NO: 33 as its amino terminal residue, and having as its 
carboxy terminal residue an amino acid between residues 
119 and 126 of SEQ ID NO: 33. 

12. A vector comprising a nucleic acid according to claim 
30 1. wherein said vector lacks a nucleotide sequence that 

encodes the portion of the amino acid sequence shown in 
SEQ ID NO:33 that has cysteine motifs of a Balbiani ring 3 
protein. 

13. A host cell transformed or transfected with a vector 
35 according to claim 12. 

14. A method for producing a polypeptide that binds to the 
extracellular domain of human FU4. comprising the steps of: 

growing a host cell according to claim 13 under condi- 
tions which permit expression by said host cell of a 
jo polypeptide that is encoded by said nucleic acid and 
-that binds to the extracellular domain of human FU4: 
and 

isolating said polypeptide from the host cell or the growth 
medium of the host cell. 
45 15. A method according to claim 14 wherein said host cell 
is a mammalian host cell that secretes said polypeptide and 
wherein said isolating step comprises isolating said polypep- . 
tide from said growth medium. 

16. A purified and isolated nucleic acid comprising a 
SO nucleotide sequence that encodes a polypeptide that binds 
human FU4 receptor tyrosine kinase (FH4), said polypeptide 
having an amino acid sequence comprising a continuous 
portion of the amino acid sequence shown in SEQ ID NO: 
33 effective to permit such binding, said nucleic acid lacking 
55 a nucleotide sequence that encodes the carboxy-terminal 
portion of the amino acid sequence shown in SEQ ID NO; 
33 beyond residue 125. 

I / . A punned ami UwLwcw iC:- ~zzrt'~.z *~ --^^ 

16 wherein said encoded polypeptide stimulates tyrosine 
60 phosphorylation of human FU4. 

18. A purified and isolated nucleic acid according to claim 
16 wherein said nucleic acid lacks a nucleotide sequence 
that encodes the amino terminal portion of the amino acid 
sequence shown in SEQ ID NO: 33 that precedes residue I. 
65 19. An expression construct comprising the nucleic acid 
according to claim 18 operatively linked to an expression 
control sequence, said expression construct lacking a nude- 
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otide sequence that encodes the carboxy-terminal portion of 
the amino acid sequence shown in SEQ ID NCh33 beyond 
residue 125. 

20. A host cell transformed or transfected with the expres- 
sion construct of claim 19. 

21. A method for producing a polypeptide that binds to the 
extracellular domain of human FU4 and stimulates tyrosine 
phosphorylation of Flt4,"comprising the steps of: 

growing a host cell according to claim 20 under condi- 



of SEQ ID NO: 33 that has one or more cysteine motifs 
of a Balbiani ring 3 protein (BR3P). and 
wherein said polypeptide has a molecular weight of about 
23 kD as assessed by SDS PAGE under reducing 
conditions and binds to FU4EC 

26. A host cell according to claim 25 wherein said 
nucleotide sequence comprises nucleotides 37 to 1086 of the 
sequence shown in SEQ ID NO: 32. 

27. A host cell according to claim 25 wherein said 



lions which permit expression in said host cell of a |Q polynucleotide is a vector comprising an expression control 



20 



polypeptide encoded by said nucleic acid and 
isolating said polypeptide from the host cell or the growth 
medium of the host cell, wherein said polypeptide 
binds to the extracellular domain of human Flt4 and 
stimulates phosphorylation of Flt4. 

22. A host cell transformed or transfected with a 
polynucleotide, 

wherein said polynucleotide includes a strand containing 
a human nucleotide sequence that hybridizes to a DNA 
comprising the non-coding strand complementary to 
SEQ ID NO: 32, under the following hybridization 
conditions: 

(a) hybridization at 42° C. for 20 hours in a solution 
containing 50% formamide. SxSSPE, SxDenhardt's 
solution, 0. 1 % SDS and 0. 1 mg/ml denatured salmon 
sperm DNA; and r 

(b) washing the filter twice for thirty minutes' at room 
temperature' and twice for thirty minutes at 65° C. 
with a wash solution containing IxSSC. and 0.1 
SDS: and 

wherein said host cell expresses a polypeptide encoded by ' 
said polynucleotide. ^ 

wherein said polypeptide has a molecular weight of about 
23 kD as assessed by SDS PAGE under reducing 
conditions, and includes. a domain encoded by the ^ 
human nucleotide sequence that is defined by eight 
cysteine residues that are conserved in human vascular 
endothelial growth' factor (VEGF). human platelet 
derived growth factor A (PDGF- A), and human platelet 
derived growth factor B (PDGF-B). ^ 

wherein said polypeptide lacks any domain that has one or 
more cysteine motifs of a Balbiani ring 3 protein 
(BR3P). and ' •'' • 

wherein said polypeptide binds to the extracellular 
domain of human FU4 receptor tyrosine kinase. 45 

23. A host cell' according to claim 22 that .expresses a 
naturally occurring human flt4 ligand polypeptide encoded 
by said polynucleotide. 

24. A host cell according to claim 22 wherein said 
polynucleotide is an expression vector, said expression 50 
vector including an expression control sequence operari very 
linked to sequence that encodes said polypeptide. 

25. A host cell transformed or transfected with a poly- 
nucleotide comprising a- nucleotide sequence that encodes 
the amino acid sequence shown in SEQ ID NO: 33, wherein 35 
said host cell expresses a polypeptide encoded by said 
polynucleotide, said polypeptide including a contiguous 
portion of SEQ ID NO: 33 that is sufficient to bind to the 
extracellular domain of human FIt4 receptor tyrosine kinase 

(FU4EO, ' ; 60 

wherein said contiguous portion includes eight cysteine 
residues that are conserved in human vascular endot- 
helial growth factor (VEGF)/human platelet derived 
growth factor A (PDGF- A), and human platelet derived 
growth factor B (PDGF-B),"' t " ' a 

wherein said polypeptide lacks any portion of SEQ ID 
NO: 33 that precedes position I and lacks any portion 



sequence operatively linked to the nucleotide sequence that 
encodes the amino acid sequence shown in SEQ ID NO: 33. 

28. A eukaryotic host cell according to claim 22 or 25 that 
secretes said polypeptide. 

29. A host cell comprising the insert of p las mid pFLT4-L. 
15 deposited as ATCC accession No. 9723 1, wherein said host 

cell expresses and secretes a polypeptide encoded by said 
insert. 

wherein said secreted "polypeptide has a molecular weight 
of about 23 kD as assessed by SDS-PAGE under 
reducing conditions and binds to human FIt4 receptor 
tyrosine kinase and includes a domain defined by eight 
cysteine residues that are conserved in human vascular 
endothelial growth factor (VEGF/. human platelet 
derived growth factor A (PDGF- A), and human platelet 
derived growth factor B (PDGF-B). 

30. A host cell transformed or transfected with a poly- 
nucleotide comprising a nucleotide sequence that encodes a 
polypeptide that binds to the extracellular domain of human 
FU4 receptor tyrosine kinase. 

wherein said polynucleotide includes a strand containing 
a human nucleotide sequence that hybridizes to a DNA 
comprising the non-coding strand complementary to 
SEQ ID NO: 32. under the following hybridization 
conditions: 

(a) hybridization at 42° C. for 20 hours in a solution 
containing 50<& formamide. SxSSPE. SxDenhardt's 
solution. 0. 1% SDS and 0. 1 mg/ml denatured salmon 
sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65° C. 
with a wash solution containing IxSSC. and 0.1% 
SDS; and 

wherein said host cell expresses and secretes a polypep- 
tide encoded by said polynucleotide, and 
wherein said expressed and secreted polypeptide binds the 
extracellular domain of human Fli4 receptor tyrosine 
kinase and has a molecular weight of about 23 kD as 
assessed by SDS-PAGE under reducing conditions. 

31. A method for producing a polypeptide that binds the 
extracellular domain of human FU4 receptor tyrosine kinase, 
comprising the steps of: 

growing a host cell according to any one of claims 21-27, 
29, or 30 under conditions which permit expression by 
said host cell of said polypeptide; and 
isolating said polypeptide from the host cell or the growth 
medium of the host cell. 

32. A method for producing a polypeptide that binds to the 
extracellular domain (EC) of human Flt4 receptor tyrosine 
kinase (FIt4), comprising steps of: 

growing a host cell comprising a polynucleotide that 
comprises a nucleotide sequence that encodes the 
amino acid sequence set forth in SEQ ID NO:33. under 
conditions in which the host cell expresses and secretes 
a polypeptide encoded by the polynucleotide; and 
isolating a polypeptide that binds Flt4 EC from the grou-th 
medium of the host cell, said polypeptide having a 
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molecular weight of approximately 23 kD as assessed 
by SDS-PAGE under reducing conditions and having 
an amino acid sequence comprising a portion of SEQ 
ID NO:33 effective to bind Fh4 EC 
33. A method according to claim 32 wherein said poly- 5 
nucleotide comprises an expression vector that comprises a 
nucleotide sequence that encodes the amino acid set forth in 
SEQ ID NO:33. 



34. A method according to claim 32 wherein said host cell 
comprises a PC-3 prostatic adenocarcinoma cell (ATCC 
CRLI435). 

35. A method according to claim 32 wherein said poly- 
nucleotide comprises the insert of plasma pFLT4-I_ depos- 
ited as ATCC Accession No. 97231. 
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GTTGCCTGTG ATGTGCACCA 20 



INPUT SET: S9820.ruw 

206 <t) SEQUENCE CHARACTERISTICS: 

207 (A) LENGTH: 20 base pairs 

208 (B) TYPE: nucleic acid 

209 <C) STRANDEDNESS: single 

210 <D) TOPOLOGY: linear 
211 

212 <ii) MOLECULE TYPE: DNA (genomic) 

213 

214 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

215 
216 
217 

218 (2) INFORMATION FOR SEQ ID NO: 13: 
219 

220 <i) SEQUENCE CHARACTERISTICS: 

221 <A) LENGTH: 18 amino acids 

222 <B) TYPE: amino acid 

223 ' (C) STRANDEDNESS: single 

224 (D) TOPOLOGY: linear 
225 

226 (ii) MOLECULE TYPE: peptide 

227 

228 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

229 
230 
231 
232 

233 Leu Lys 

234 
235 

2 36 (2) INFORMATION FOR SEQ ID NO: 14: 
237 

238 (i) SEQUENCE CHARACTERISTICS: 

239 (A) LENGTH: 17 base pairs 

240 (B) TYPE: nucleic acid 

241 (C) STRANDEDNESS: single 

242 (D) TOPOLOGY: linear 
243 

244 (ii) MOLECULE TYPE: DNA (genomic) 

245 

246 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

247 
248 
249 

250 (2) INFORMATION FOR SEQ ID NO:15: 
251 

252 <i) SEQUENCE CHARACTERISTICS: 

253 (A) LENGTH: 5 amino acids 

254 (B) TYPE: amino acid 

255 (C) STRANDEDNESS: single 

256 (D ) TOPOLOGY: linear 
257 

258 (ii) MOLECULE TYPE: peptxae 



Xaa Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu He 
1 5 10 15 



GCAGARGARA CNATHAA 17 



PAGE: 4 
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153 Pro Met Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp As^oTn^/^p *** 

154 1 5 10 15 

156 Ser Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin He Glu Ser Arq 

157 20 25 30 
158 

15 9 His Arg Gin Glu Ser Gly Phe Arg 

160 35 40 

161 

162 (2) INFORMATION" FOR SEQ ID NO: 9: 
163 

164 (i) SEQUENCE CHARACTERISTICS: 

165 (A) LENGTH: 21 base pairs 

166 (B) TYPE: nucleic acid 

167 (C) STRANDEDNESS : single 

168 (D) TOPOLOGY: linear 
169 

170 (ii) MOLECULE TYPE: DNA (genomic) 

171 ' 

J72 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

174 CTGGAGTCGA CTTGGCGGAC T 
175 

176 (2) INFORMATION FOR SEQ ID NO: 10: 
177 

178 (i) SEQUENCE CHARACTERISTICS: 

179 (A) LENGTH: 60 base pairs 
ISO (B) TYPE: nucleic acid 

181 (C) STRANDEDNESS: single 

182 (D) TOPOLOGY: linear 

183 - 

184 (ii) MOLECULE TYPE: DNA (genomic) 
185 

186 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10* 

187 

188 CGCGGATCCC TAGTGATGGT GATCGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC 60 



21 



189 

190 (2) INFORMATION FOR SEQ ID NO:ll: 
191 

1 92 (i) SEQUENCE CHARACTERISTICS: 

193 <A) LENGTH: 34 base pairs 

194 <B) TYPE: nucleic acid 

195 (C) STRANDEDNESS: single 

196 (D) TOPOLOGY: linear 
197 

198 (ii) MOLECULE TYPE: DNA (genomic) 

200 
201 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



202 CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 



203 

204 (2) INFORMATION FOR SEQ ID NO: 12: 
205 



INPUT SET: S9820.raw 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TAGGTGA CACTATA 
(2) INFORMATION FOR SEQ ID NO: 7: 



100 
101 
102 
103 
104 
10S 
106 
107 
108 
109 

HO nn~r 33 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 

124 17 

125 ATTTAGGTGA CACTATA 
126 
127 
128 
129 
130 



(i) SEQUENCE CHARACTERISTICS: 
AJU (A) LENGTH: 34 base pairs 

131 (B) TYPE: nucleic acid 

132 (C) STRANDEDNESS:' single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7! 

139 CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 

(2) INFORMATION FOR SEQ ID NO: 8: 

142 

143 (i) SEQUENCE CHARACTERISTICS: 

144 (A) LENGTH: 40 amino acids 

145 (B) TYPE: amino acid 

146 (C) STRANDEDNESS: single 

147 (D) TOPOLOGY: linear 

148 ^ t 
14 g (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCKifTiun: 5E« I- «C;C; 



133 
134 
135 
136 
137 

138 34 

139 
140 
141 
142 



151 



o^p, SEQUENCE LISTING tm&SK 

PAGE: 2 PATENT APPLICATION US/08/585,By3 

INPUT SET; S982Q.mw 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



47 
4S 
49 
50 
51 



52 20 

53 TGTCCTCGCT GTCCTTGTCT 



54 

55 

56 

57 

58 

59 

60 

61 

62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
'(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 

GACTCCTGGA 

(2) INFORMATION FOR SEQ ID NO: 3: 



60 
70 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 
6 ( c) STRANDEDNESS : single 

7? (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

83 ACATGCATGC CCCGCCGGTC ATCC 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
88 (A) LENGTH: 22 base pairs 

8g (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

9 3 (ii) MOLECULE TYPE: DNA (genomic) 

It (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

96 

97 CGGAATTCCC CATGACCCCA AC 
98 

99 (2) INFORMATION FOR SEQ ID NO:5: 



77 
78 
79 
80 
81 

82 24 
83 
84 
85 
66 
87 
88 
89 
90 
91 
92 
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TEAM 7 



RAW SEQUENCE LISTING DATE: 04/1 1/96^ 

PATENT APPLICATION US/08/585,895 TIME: 14:24:17 

INPUT SET: S9820.mw 



This Raw Listing contains the General 
Information Section and up to the first 5 pages. 



SEQUENCE LISTING 

<1) General Information: 

(i) APPLICANT: Alitalo, Kari 

Joukov, Vladimir 

<ii) TITLE OF INVENTION: Receptor Ligand 

(iii) NUMBER OF SEQUENCES: 35 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Marshall, O 'Toole, Gerstein, Murray & Borun 

(B) STREET: 6300 Sears Tower, 233 South Wacker Drive 

(C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: United States of America 

(F) ZIP : 60606-6402 

<v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS/MS- DOS 

(D) SOFTWARE: Patentln Release #1.0. Version fl.25 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME : Gass, David A. 

(B) REGISTRATION NUMBER: 3 8,153 

(C) REFERENCE /DOCKET NUMBER: 26113/33072 

fix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX: 312/474-0448 

(C) TELEX: 25-3856 

<2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
fB) TYPE: nucleic acid 
(Cj STRANDEDNESS : single 
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30C 

2S1 

PDGF-A **.!.!... 

PDCF-B 

PlCF-1 

PlGF-2 '/[[['. 

CGPCSERRKH LF^DPQTCK CSCKNTOSRC KA^QLELNER TCRCDKPRR. 
SSm- CGPCSERKKH LFVQDPQTCK CSCKNTDSRC KARQLELNER TCRCOKPRR. 

^ SpS^ ££dp£S csck^src karq^nhr tcrc^ p 

^C4-L FHDICGPNKE LDEETCQCVC RA3LRPASCG PHKELDRNS^ QCVCKNlwFP 

301 350 
PDGT-A - 

PDGF-B •* 

P1CF-1 

PlGF-2 

VEGF121 

VECF165 

VEGF189 • *] 

SQCGANRZFD i^rCQWOK TCPRNQPLNP CKCACECTES PQKCLLKGKK 

3S1 394 

PDGF-A * 

PDGF-B * * ' 

P1CF-1 

P1CF-2 * 

VEGF121 

VEGF16S 

VECF1B9 

VEGF206 * 

Flt4-L FHHQTCSCYR RPCTNRQKAC EPGFSYSEEV CRCVPSYVKR PQMS 



FIG. 10 B 



PDGF-A 
PDGF-B 
PlCF-1 
P1CF-2 
VECT121 
VESF165 
VECF189 
VEGF206 
Flt4-L 



PDCF-A 
PDGF-B 
P1CF-1 
P1CF-2 
VECF121 
VEGF165 
VEGF1B9 
VECF206 
Flt4-L 



PDCF-A 
PDGF-B 
PlGF-1 
P1GF-2 
VECF121 
VECF1€S 
VEGF189 
VEGF20 6 
Flt4-L 



PDGF-A 
PDGF-B 
PXCF-1 
P1CF-2 
VEGF12 1 
VEGF165 
VEGF189 
VEGF206 
Flt4-L 



1 5: 

MRTWACLLL LCCGYLAHAL AEEAEIPRSL IERLARSQIK SIRDLQR =. 

MNRCWA.LFL SLCCYLRLVS AECDFIPEEL YEMLSDHSIR SFr:L3KlLK 

mpvm rlfpc.flq llagla: 

[' \ * ] mpvm rlfpc . . flq llaclal . . . 

m nflls.. wvh wslalllylk 

" ] m nflls . .wvh wslalllylk 

* m nflls . .wvh wslalllyle 

m nflls . .wvh wslalllylk 

M TVLYPEYWKK YKCQLRKGCK 



SI 

IDSVGAEDAL 
CDP.GEEDGA 
PAVPPQQW. - 
PAVPPQQW. . 
HAKWSQAA. . 
HAKWSQAA. . 
HAKWSQAA. . 
HAKWSQAA. . 
QHNREQANLN 

101 

AVCKTRTVIY 
AECKTRTEVF 
SYCRALERLV 
SYCRALERLV 
SYCHPIETLV 
SYCHPIETLV 
SYCHPIETLV 
SYCHPIETLV 
TQCMFREVCI 

1S1 

RVHHRSVKVA 
QVQLRPVQVR 
ETANVTMQLL 
ETANVTMQLL 
EESNITMQIM 
EESNITMQIM 
EESNITMQIM 
EESNITMQIM 
STSYLSKTLF 



ETSLRAHGSH 
ELDLNMTRSH 

ALSAC 

ALSAC 

PMAEC 

. ... .PMAEC 

PMAEC 

PMAEC 

SRTEETIKFA 



EIPRSQVDPT 
EISRRLIDRT 
DWSEYPS . . 
DWSEYPS . . 
DIFQEYPD . . 
DIFQEYPD - - 
DIFQEYPD . . 
DIFQEYPD . . 
DVCKEFGV . . 



10C 

AINHVPEKRP VPIRRKRSI EEAIP 

SGGELES ... . LARCRRSLG SLTI AEPAMI 

NCSSEVEWP FQE.VWGR 

NCSSEVEWP FQE.VWGR 

GCQNHHEWK FMD.VYQR 

CCQNHHEWK FMD.VYQR 

GCQNHHEWK FMD.VYQR 

GGQNHHEWK FMD.VYQR 

AAHYNTEILK SIDNEWRK 



SANFLIWPPC 
NANFLVWPPC 
EVEHMFSPSC 
EVEHMFSPSC 
EIEYIFKPSC 
EIEYIFKPSC 
EIEYIFKPSC 
EIEYIFKPSC 
ATNTFFKPPC 



VEVKRCTCCC 
VEVQRCSGCC 
VSLLRCTCCC 
VSLLRCTGCC 
VPLMRCCGCC 
VPLMRCCGCC 
VPLMRCCGCC 
VPLMRCCGCC 
VSVYRCCCCC 



KVEYVRKKPK 
KIEIVRKKPI 
KIRSG. .DRP 
KIRSC. .DRP 
RIKPH. .QGQ 
RIKPH. -QGQ 
RIKPH. -QGQ 
RIKPH. .QGQ 
EITVPLSQGP 



LKEVQVRLEE 
FKKATVTLED 
. SYVELTFSQ 
. SYVELTFSQ 
.HICEMSFLQ 
.HICEMSFLQ 
.HICEMSFLQ 
.HICEMSFLQ 
.KPVTISFAli 



HLECACAT. . 
HLACKCETVA 
HVRCECRPLR 
HVRCECRPLR 
HNKCECRPKK 
HNKCECRPKK 
HNKCECRPKK 
HNKCECRPKK 
HTSCRCMSKL 



150 

NTSSVKCQPS 
NNRNVQCRPT 
CDENLHCVPV 
GDENLHCVPV 
NDECLECVPT 
NDECLECVPT 
NDECLECVPT 
NDEGLECVPT 
NSEGLQCMtrr 

200 

SN 

AARPVTRSPC 
EKMKPER- ♦ 
EKMKPERRR 
DRARQEKCD 
DRARQEN. . 
DRARQEKKS 
DRARQEKKS 
DVYRQVHSII 

250 



PDGF-A 
PDGF-B 
PlCF-1 
P1CF-2 
VECF121 
VECF165 
VEGF1B9 
VECF206 
Flt4-L 



201 

LNPDHREEET DVR '''' ' 7" ' 

CSQEQRAKTP QTRVTIRTVR VRRP PKGKHR KFKHTHDKTA LKETLCA. . . 

CGDAVPR R 

!!1!pkgrck RRREKQRPTD CHLCGDAVPR r 

. . . .kprr ----- ;;;;;; ;;; p 

VRCKCK CQKRKRKKSR YKSWSV 

VRCKCK CQKRKRKKSR YKSWSVYVCA RCC L MPWSLPCPHP 

RRSLPATLPQ CQAAMKTCPT NYMWNNHICR CLAQEDFMFS SDACDDSTDG 
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251 300 

PDGF-A 

PDGF-B . . . . . 

P1GF-1 . . . ./ 

P1GF-2 ] * 

VEGF121 .......... 

VEGF16S CGPCSERRKH LFVQDPQTCK CSCKNTDSRC KARQLELNER TCRCDKPRR ! 

VEGF189 CGPCSERRKH LFVQDPQTCK CSCKNTDSRC KARQLELNER TCRCDKPRR. 

VEGF206 CGPCSERRKH LF VQD PQTCK CSCKNTDSRC KARQLELNER TCRCDKPRR. 

Flt4-L FHDICGPNKE LDEETCQCVC RAGLRPASCG PHKELDRNSC QCVCKNKLFP - 

301 350 

PDGF-A 

PDGF-B - . . . [ 

P1GF-1 [[[ 

P1GF-2 

VEGF121 * ] * ] 

VEGF165 .......[ 

VEGF189 ........ 

VEGF206 .[...[..[[ 

Flt4-L SQCGANREFD ENTCQCVCKR TCPRNQPLNP GKCACECTES PQKCLLKGKK 

351 394 

PDGF-A 

PDGF-B 

P1GF-1 . . 

P1GF-2 

VEGF121 * . ] . . 

VEGF165 .... 

VEGF189 V** 

VEGF206 .[[...[].[ . . . . 

Flt4-L FHHQTCSCYR RPCTNRQKAC EPGFSYSEEV CRCVPSYWKR PQMS 



FIG. 10 



1 50 1 

PDGF-A . MRTWACLLL LGCGYLAHAL AEEAEIPREL IERLARSQIH SIRDLQRLLE 

PDGF-B MNRCWA.LFL SLCCYLRLVS AEG DP I PEEL YEMLSDHSIR SFDDLQRLLH 

PlGF-1 MPVM RLFPC. . FLQ LLAGLAL. . . 

PlGF-2 MPVM RLFPC. .FLQ LLAGLAL. . . 

VEGF121 M NFLLS.. WVH WSLALLLYLH 

VEGF165 M NFLLS.. WVH WSLALLLYLH 

VEGF189 M NFLLS . .WVH WSLALLLYLH 

VEGF2 06 M NFLLS . . WVH WSLALLLYLH 

Flt4-L M TVLYPEYWKM YKCQLRKGGW 



PDGF-A 
PDGF-B 
P1GF-1 
PlGF-2 
VEGF121 
VEGF1G5 
VEGF189 
VEGF2 0 6 
Flt4-L 



51 

IDSVGAEDAL 
GDP.GEEDGA 
PAVPPQQW. . 
PAVPPQQW. . 
HAKWSQAA. . 
HAKWSQAA. . 
HAKWSQAA. . 
HAKWSQAA. . 
QHNREQANLN 



100 

ETSLRAHGSH AINHVPEKRP VPIRRKRSI EEAIP 

ELDLNMTRSH SGGELES ... . LARGRRSLG SLTIAEPAMI 

. .ALSAG NGSSEVEWP FQE.VWGR. . 

. .ALSAG NGSSEVEWP FQE.VWGR. . 

..PMAEG GGQNHHEWK FMD.VYQR 

..PMAEG GGQNHHEWK FMD.VYQR 

..PMAEG GGQNHHEWK FMD.VYQR 

. . PMAEG GGQNHHEWK FMD . VYQR 

SRTEETIKFA AAHYNTEILK SIDNEWRK 



PDGF-A 
PDGF-B 
P1GF-1 
P1GF-2 
VEGF121 
VEGF16S 
VEGF189 
VEGF206 
Flt4-L 



101 

AVCKTRTVIY 
AECKTRTEVF 
SYCRALERLV 
SYCRALERLV 
SYCHPIETLV 
SYCHPIETLV 
, SYCHPIETLV 
SYCHPIETLV 
TQCMPREVCI 



EIPRSQVDPT 
EISRRLIDRT 
DWSEYPS . . 
DWSEYPS . . 
DIFQEYPD. . 
DIFQEYPD. . 
DIFQEYPD. . 
DIFQEYPD. . 
DVGKEFGV . . 



SANFLIWPPC 
NANFLVWPPC 
EVEHMFSPSC 
EVEHMFSPSC 
EIEYIFKPSC 
EIEYIFKPSC 
EIEYIFKPSC 
EIEYIFKPSC 
ATNTFFKPPC 



VEVKRCTGCC 
VEVQRCSGCC 
VSLLRCTGCC 
VSLLRCTGCC 
VPLMRCGGCC 
VPLMRCGGCC 
VPLMRCGGCC 
VPLMRCGGCC 
VSVYRCGGCC 



150 

NTSSVKCQPS 
NNRNVQCRPT 
GDENLHCVPV 
GDENLHCVPV 
NDEGLECVPT 
NDEGLECVPT 
NDEGLECVPT 
NDEGLECVPT 
NSEGLQCMNT 



PDGF-A 
PDGF-B 
P1GF-1 
P1GF-2 
VEGF121 
VEGF165 
VEGF189 
VEGF206 
Flt4-L 



151 

RVHHRSVKVA 
QVQLRPVQVR 
ETANVTMQLL 
ETANVTMQLL 
EESNITMQIM 
EESNITMQIM 
EESNITMQIM 
EESNITMQIM 
STSYLSKTLF 



KVEYVRKKPK 
KIEIVRKKPI 
KIRSG. . DRP 
KIRSG . . DRP 
RIKPH. .QGQ 
RIKPH. .QGQ 
RIKPH . .QGQ 
RIKFH. .QGQ 
EITVPLSQGP 



LKEVQVRLEE 
FKKATVTLED 
. SYVELTFSQ 
. SYVELTFSQ 
. HIGEMSFLQ 
.HIGEMSFLQ 
. HIGEMSFLQ 
.HIGEMSFLQ 
.KPVTISFAti 



HLECACAT. . 
HLACKCETVA 
HVRCECRPLR 
HVRCECRPLR 
HNKCECRPKK 
HNKCECRPKK 
HNKCECRPKK 
HNKCECRPKK 
HTSCRCMSKL 



200 

SN 

AARPVTRSPG 
EKMKPER. . . 
EKMKPERRR . 
DRARQEKCD . 
DRARQEN . . . 
DRARQEKKS . 
DRARQEKKS . 
DVYRQVHSII 



PDGF-A 
PDGF-B 
P1GF-1 
P1GF-2 
VEGF121 
VEGF165 
VEGF189 
VEGF206 
Flt4-L 



201 

LNPDHREEET DVR 

GSQEQRAKTP QTRVTIRTVR VRRPPKGKHR KFKHTHDKTA LKETLGA 

CGDAVPR R 

. . , .PKGRGK RRREKQRPTD CHLCGDAVPR R 

KPRR 



250 



..... VRGKGK GQKRKRKKSR YKSWSV p 

. . . .VRGKGK GQKRKRKKSR YKSWSVYVGA RCC L MPWSLPGPHP 

RRSLPATLPQ CQAA^KTCPT NYMWNNHICR CLAQEDFMFS SDAGDDSTDG 
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Hq tTlirValIi«uayrProaiurryr 

C3USCAGTTAL^"IHJTCTCTCCACT 

10 30 50 

T^I*ycMatTyrIiyxCysGlnI^\JArgLy»01yGlyTrpalnHIoA3iiAxoGlUGlnAla 

TCCju^AATOTACAAGioTcyuscTAAaGAAAa 

70 W 90 110 

AsnLauAnnSa^rg^lirCluCluThrlloIycPhaAljLAlaAlaHi aaV rAsnmirGlu 
AAeCTCa jM^CAAGGACAGAAGACACTATAAAA ^^ 

130 ISO 170 

Ilgtr*" r y«SerIleAsp3^nCluTrpArgLyaTlirGlnCy»MetPrQArot;lu Val^B 
A <TCTTGAAAA!CTR3TGATAATCAGTCGACAAA^ 

190 210 230 

IloX«pV«.lClyLy»OluPh«alyVnlAln.ThrA*xiThrPh«Ph^Ly«ProProCy«V«.l 
ATAGATCTCCCGAACCACTTTCaACTC^CACAA^ 

250 270 290 

SerValTyxArot^«ClyGlyCysCysA«nSeraiuGlyI^uainCysMetAsaThrS«r 
TCCGTCTACAGATCTCGCGCT1CC TCCAATAGTGAGGGGCTGCACTGCATGAACACCAGC 

310 330 350 

TlirS«rTyrI.«uS«rL.yarhrL*uPh«a lu IlaThxValProI^uScralnClyProLyc 
ACGAC3CTAJCCTCJU3CAAGACGT^TTTGAAXrEACAGTTC 

370 390 410 

ProValThrlleSerPheAlaAsnHisThrSerCyaArgCyflMatSarLyBLeiiAs pVal 
CCAGTAACAATCA tJaUTl^ CCAATCACA l ' ri^ 

430 450 470 

Tyx AxgClnVa 1H1 a Sar X loll eAr gAr gS er LauPr o AlaTbr LeuPxoG I nCysG ln 
TACMACAAGTTCATTCCATIMTAGACCTTC 

490 510 530 

AloAlaJ^nLyaTlirCyaPx-oThrAanTyrMatTr^ 
CCAGCGAACAAGACCTGCCCC^CCAATTACATGTGGAATAATCAC^ 

SS0 570 590 

AlaGlnGluAapPhoMotPhoSorSerAcpAlaClyAapAapSerThrAspGl yPhtt Hlc 
CCTCAGGAAGATTTTATCTTITCCTCGCATCCTGGAGATG^ 

£10 630 6S0 

Aspl laCyaClyProAsnLyaG luLeuAapGluGluThrCysG lnCyaValCysArgAla 
GACATClXrrGGACCAAAaU^GGAGCTGGATGAAGAG^ 

670 690 710 

GlyLeuArg Pr o Al aS*rCysC lyProHi a LyaGluLeuAapAx^AanSerCyaClnCyo 
GGGCTTCGGCCTGCCAGCTGTGGACCCCACAAAGAACTAGACAGAAACTC^TGCCAGTGT 

730 750 770 

Vn. ICyo I*ya AanLya LeuPbe Pr o S e rG 1 nCya G lyAlaAa nAr gC lu Ph«A apO luAa n 
CTClCTAAAAACAAACTCTrCCCCAGCCAATCTGG^ 

■ 790 810 030 

ThrCycGlnCysValCy^LyaArgThxCyaProAz^A^nGlnProLeuAcnProGlyLya 
ACATGCCAGraTGTArarAAAAGAACCTCCCCCAOAA^ 

850 B70 890 

CysAlaCyaGluCysThrGluSarProGlnLyaCycLeuXjeuLyaGlyLiysLy aPlie Hla 
^GTGCCTGTGAATGTACAGAAAGTCCACAGAAATGCTTGTTAAAAGGAAAGAAGXrCCAC 

910 930 950 

HlaGlnlhrCygSarCyaTyrArgArgProCysThrAanArgGlnliyflA laCyaG ^ 
CACCAAACATGCAGCTCTTACAGACCGCCATGXACGAACCGCCAGAAGGCTTOTGAGCCA 

970 990 1010 

GlyPheSerTyxSerGluGluVttlcysArgCyaValProSerTy i^rrp LyaArqProGln 
CGATTrrCATArrACTCyUUIAACnxrTGTCGTTCTGTC 

1030 1050 1070 

MetS*rEnd 

ATCACCTAACATTCTAC lVi TlUT l CAGarrCA^ 

1090 1110 1130 
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12. The fragment accordmgU<^cIaim 8 comprising 
approximately amino acids 1-180 shown in SEQ JD NO: 33. 




13. A purified and isolated nucleic^acid encoding the 



fragment of claim 12. 



14. An antibody which is specifically) reactive with the Flt4 



ligand. 




15. An antibody of claim/ 14 /which is a monoclonal antibody 



ion co^mprisin 



16. A pharmaceutical composition, comprising a polypeptide 
according to claim 2 in a pharmaceutic^l^acceptame diluent, adjuvant, or 



IG 



IP 




m 



61 



CLAIMS 




1 . A purified and isolated polypeptide which specifically 
binds to the FIt4 receptor tyrosine kinase. 



lo2 



2. A purified and Rotated polypeptide having the amino 



acid sequence shown in SEQ ID NO 



HO 





3. A purified and isolated nuc/eic acid encoding the peptide 
according to claim 2. 



4. The nucleic acid "according to claim 3 having the 
iuence shown in SEQ ID NO: 32. * 

5. A vector comprising the nuclei/ acid according to claim 



6. The vector according to claim 5, wherein said vector is 
plasmid pFLT4-L, deposited as ATCetaccession No. 97231. 

"JZ y 7. A host cell comprising ^he vector according to claim 6. 

/ 8. A fragment of the purif/ed and isolated polypeptide 

according to claim 2, said fragment being carjable'of specifically binding to an 
Flt4 receptor tyrosine kinase. 



9. The fragment according to claim 8 having an apparent 
molecular weight of 23 kD under reducing |onditions. 

v 

10. The fragment according to claim 8 comprising 
approximately amino acids 1-120 of SEQ ID NO: 33. 

11. A purified and isolated nuo/eic acid encoding the 
fragment of claim 10. 
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Lys Leu Asp Val TyWg Gin Val His Ser He He Arg Arg Ser Leu 

Pro Ala Thx Leu Pro\n Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 

130 \ 135 

„ . . 0f Auj. T i e cvs Ara Cvs Leu Ala Gin Glu Asp 

Asn Tyr Met Trp Asn Asn >His lie tys «rg 160 

14S 150 \ 

P„e Met Phe Ser Ser Asp aL Gly Asp Asp Ser Thr Asp Gly Phe His 

165 \ 

Asn Lys l Glu 
180 185 



Asp lie Cys Gly Pro Asn LysWu Leu Asp Glu Glu Thr Cys Gin Cys 

180 185 
Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 

Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 

210 21S 
Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys 
225 230 235 

val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 
245 

Cys Ala Cys Glu Cys Thr Glu Ser Pro G^Qrs Cys Leu Leu Lys Gly 
Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 



275 



Asn Arg Gin Lys Ala Cys Glu Pro. Gly Phe Ser Tyr Ser Glu Glu Val 



290 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
305 3 10 315 

(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
TGAGTGATTTGTAGCTGCTGTG 
(2) INFORMATION FOR SEQ ID NO:3S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear , 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
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CGG CCT GCC AGC TGT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TGC 774 
S So Ala Ser cVs Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys 
200 \ 20S 210 

CAG TGT GTC TGT AaAaAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC 
Cys Val Cys Lys W Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn 

20 225 * J 



215 



Met 
-32 


Thr 


Val 
-30 


Leu 


Tyr 


Pro 


Glu 


Tyr 
-25 


Trp 


Lys Met Tyr Lys 
-20 

\ 


Cys Gin Leu 


Arg 


Lys 
•IS 


Gly 


Gly Trp 


Gin 


His 
-10 


Asn 


Arg 


Glu Gin Ala Ash Leu Asn Ser 

-5 - \ 

\ 


Arg Thr 
1 


Glu 


Glu 


Thr 
5 


He 


Lys 


Phe 


Ala 


Ala Ala His Tyr 
10 


Asn Thr Glu 
15 


He 


Leu 


Lys 


Ser 
20 


lie 


ASp 


Asn 


Glu 


Trp 
25 


Arg Lys Thr Gin 


Cys Met Pro 
30 


Arg 


Glu 


Val 
35 


Cys 


He 


Asp 


Val 


Gly 
40 


Lys 


Glu Phe Gly Val 
45 


Ala Thr Asn 


Thr 


Phe 
50 


Phe 


Lys 


Pro 


Pro 


Cys 
55 


Val 


Ser 


Val Tyr Arg Cys 
60 


Gly Gly Cys 

\ 


Cys 
65 


Asn 


Ser 


Glu 


Gly 


Leu 
70 


Gin 


Cys 


Met 


Asn Thr Ser Thr 
75 


Ser Tyr X Leu 
\80 


Ser 


Lys 


Thr 


Leu 


Phe 
85 


Glu 


He 


Thr 


Val 


Pro Leu Ser Gin 
90 


Gly Pro Lys 

95 \ 


Pro 


Val 


Thr 


He 
100 


Ser 


Phe 


Ala 


Asn 


His 
105 


Thr Ser Cys Arg 


Cys Met Ser\ 
110 
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CGA GAA TIT GAT GAA Aa\ ACA TGC CAG TGT GTA TGT AAA AGA ACC TGC 870 
S£ Glu Phe Asp Glu AsnVrhr Cys Gin Cys Val Cys Lys Arg Thr Cys 
235 \ 240 

CCC AGA AAT CAA CCC CTA At CCT GGA AAA TGT GCC TGT GAA TGT ACA 918 
Pro Asn Gin Pro Leu A^n Pro Gly Lys Cys Ala Cys Glu Cys Thr 

250 \ 255 ZbU 

GAA AGT CCA CAG AAA TGC TTG V A AAA GGA AAG AAG TTC CAC CAC CAA 966 
Su Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gin 
265 2>?0 275 

ACA TGC AGC TGT TAC AGA CGG CCA. TGT ACG AAC CGC CAG AAG GCT TGT 1014 
Thr Cys Ser Cys Tyr Arg Arg Pro v Cys Thr Asn Arg Gin Lys Ala Cys 
280 285 \ 290 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG TGT CGT TGT GTC CCT TCA 1062 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser 
295 300 V^ 30S 

TAT TGG AAA AGA CCA CAA ATG AGC T AA (gATTGTACTG TTTTCCAGTT 1109 
Tyr Trp Lys Arg Pro Gin Met Ser — ^ 

315 \ 

CATCGATTTT CTATTATGGA AAACTGTGTT G 
(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH : 350 amino acids 

(B) TYPE : . amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: \ 
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A 

(ii) MOLE CUBE TYPE: DNA (genomic) 

(ix) FEATURE :\ 

(A) NAMEy^CEY: CDS 

(B) LOCATION: 37.. 1089 

(ix) FEATURE: \ 

(A) NAME/KEYv mat_peptide 

(B) LOCATION K 133 . . 1089 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32; 

GAGCAGTTAC GGTCTGTGTC . CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 

Met xhr Val Leu Tyr Pro 
-32 -30 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 
-25 "20 -15 

CAT AAC AGA GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr He 
-10 "S 1 5 

AAA TTT GCT GCA GCA CAT TAT AAT ACA GAG ATC TTG AAA AGT ATT GAT 
Lvs Phe Ala Ala Ala His Tyr Asn Thr Glu He Leu Lys Ser lie Asp 
Y 10 IS 20 

AAT GAG* TGG AGA AAG ACT CAA TGC ATG CC/CcGG GAG GTG TGT ATA GAT 
Asn Glu Trp Arg Lys Thr Gin Cys Met Prb^Arg Glu Val Cys He Asp 
25 30 35 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA CCT CCA 
Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
40 45 SO 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 
Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 
55 . 60 65 70 

TGC ATG AAC j 

7S 80 85 

ATT ACA GTG CCT CTC TCT CAA GGC CCC AAA CCA GTA ACA ATC AGT TTT 
He Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe 
90 95 100 

GCC AAT CAC ACT TCC TGC CGA TGC ATG TCT AAA . CTG GAT GTT TAC AGA 
Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
105 HO US 

CAA GTT CAT TCC ATT ATT AGA CGT TCC CTG CCA GCA ACA CTA CCA CAG 
Gin Val His Ser lie He Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin 
120 125 130 

TGT CAG GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 
Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 
135 140 14S ISO 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 
His He Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 
155 160 165 

— £jrj7 ZTJZ TCT- *-CA "HJIT r r / r n ttt pit RJVC ATC TGT GGA CCA AAC 

Ala Gly Asp Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn 
170 175 180 

AAG GAG CTG GAT ' GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 
Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
185 190 195 



CAG TGC ATG AAC ACC AGC ACG AGC TAC CTC AGC AAG ACG TTA TTT GAA 
Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TTYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 

TCTAGCATTT AGGTGACAcX 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS : 
<A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY:, linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28 

AAGAGACTAT AAAATTCGCT GCAGC 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29 
CCCTCTAGAT GCATGCTCGA 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 
tC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30 

GTTGTAGTGT GCTGCAGCGA ATTT 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31 
TCACTATAGG GAGACCCAAG C 
(2) INFORMATION FOR SEQ : ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) .LENGTH: 1140 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTTGTAGTGT GCTGCAGCGA ATTT 
(2) INFORMATION^ FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:23: 

Lys Phe Ala Ala Ala v His Tyr Asn 
1 5 

(2) INFORMATION FOR SEQ ID NO: 24 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single^ 

(D) TOPOLOGY : linear / 

(ii) MOLECULE TYPE: DNA (geiiomio)' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TCACTATAGG GAGACCCAAG C 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
TCACTATAGG GAGACCCAAG CTTGGTACCG AGCTCGGATC CACTAGTAAC GGCCGCCAGT 
GTGGTGGAAT TCGACGAACT CATGACTGTA CTCTACCCAG AATATTGGAA AATGTACAAG 
TGT3AGCTAA GGCAAGGAGG CTGGCAACAT AACAGAGAAC AGGCCAACCT CAACTCAAGG 
ACAGAAGAGA CTATAAAATT CGCTGCAGCA CACTACAAC 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) "** TYPE : nucleic acid 



Glu> 



(2) INFORMATK 



FOR SEQ ID NO: 18 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE : nucleic acid 



(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 



<ii) MOLECULE TYPE: DNA (genomic) 



\ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ_IQ_NO:l9 
TCNGTGTTGT AGTGTGCTG 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 

... Ala Ala His Tyr Asn Thr Glu 
1 S 

(2) ■ INFORMATION FOR SEQ ID NO: 21: 

.7 (i) SEQUENCE CHARACTERISTICS: * 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21 

TAATACGACT CACTATAGGG 

(2) ■ INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



ATTCGCTGCA GCACACTACA AC 



(ii) MOLECULE TYPE: DNA (genomic) 




lAT^IC 
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(2) INFORMATION FOR SEQ ID NO: 13: 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNE S S : single 

(D) TOPOLOGY: linear 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



1 



(ii) MOLECULE TOTE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu lie ' f £^ 

1 5" 10 IS 

Leu Lys 

(2) INFORMATION FOR SEQ ID NO: 14: j j|| 

(i) SEQUENCE CHARACTERISTICS: '» 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 1| 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi), SEQUENCE DESCRIPTION: S"EQ"lD NO: 14: \ « 

GCAGARGARA CNATHAA I 7 I ||j 

(2) INFORMATION FOR SEQ ID NO: IS: 

1 

(i) SEQUENCE CHARACTERISTICS: j pp 

(A) LENGTH: S amino acids i |y,j 

(B) TVPE: amino acid - Lij 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: ^ 
Glu Glu Thr lie Lys 1*^ 

M 

(2) INFORMATION FOR SEQ ID NO: 16: 



11 



(ii) MOLECULE TYPE: DNA (genomic) \ . ? , x 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: t\ 

GCAYTTNARD ATYTCNGT 18 

(2) INFORMATION FOR SEQ ID NO: 17: . j 

(i) SEQUENCE CHARACTERISTICS : ' [ J 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid *■ x 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear l]' ^ 



Si: 




(B) TYPE: amino acid 

(C) STRAND ED NESS : . single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Pro Met Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp Asn Gin Thr Asp 
1 S\ 10 15 

Ser Gly Met Val Leu. Ala Ser Glu Glu Phe Glu Gin lie Glu Ser Arg 
20 25 30 

His Arg Gin Glu Ser Gly Phe Arg 
35 40 

(2) INFORMATION FOR SEQ ID NO: 9: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CTGGAGTCGA CTTGGCGGAC T 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGCGGATCCC TAGTGATGGT GATGGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE:, nucleic acid , 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTTGCCTGTG ATGTGCACCA 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) lYPE: nucleic acid 




(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE : DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



ACATG CATGC CCCGCCGGTC\ATCC 



24 



(2) INFORMATION FOR SEQ ID NO: 4: 

\ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 'base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS:. single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 
CGGAATTCCC CATGACCCCA AC 22 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S: 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 33 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
ATTTAGGTGA CACTATA 17 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear \ 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 

CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 34 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 amino acids 
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T3£^5^ \ SEQUENCE LISTING 

(1) GENERAL INFORMATION :> 

(i) APPLICANT: Alitaio, Kari 

Joukov\ Vladimir 

(ii) TITLE OF INVENTION :Mleceptor Ligand 

(iii) NUMBER OF SEQUENCES: \s 

(iv) CORRESPONDENCE ADDRESS X 

(A) ADDRESSEE : Marshal iy O' Toole, Geretein, Murray & Borun 

(B) STREET: 6300 Sears Tower , 233 South Wacker Drive 

(C) CITY: Chicago 

(D) STATE: Illinois . 
. (E) COUNTRY: United StatesVof America 

(F) ZIP: 60606-6402 \ 

(v) COMPUTER READABLE FORM: \ 

(A) MEDIUM TYPE: Floppy disk V 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC - DOS /MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: \ 
(A) APPLICATION NUMBER: 
■ - (B) FILING DATE: 

(C) CLASSIFICATION: 



\ 



(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Gass, David A. 

(B) REGISTRATION NUMBER: 38,153 \ 

(C) REFERENCE /DOCKET NUMBER: 28113/33072 \ 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX: 312/474-0448 

(C) TELEX: 25-3856 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: \ 

(A) LENGTH: 20 base pairs 1 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
TGTCCTCGCT GTCCTTGTCT 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 
GACTCCTGGA 



\ 



(2) INFORMATION FOR SEQ ID NO: 3: 
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isolated (as in the other examples), and 8 micrograms of the RNA was 
electrophoresed and blot-hybridized with a mixture of the VEGF, VEGF-B and 
VEGF-C probes (see Fig. 12). The results show that hypoxia strongly induces 
VEGF-A mRNA expression (compare lanes - and +), both in low and high 

5 glucose, but has no significant effect on the VEGF-B mRNA levels. The 
VEGF-C mRNA isolated from hypoxic cells runs slightly faster in gel 
electrophoresis and an extra band of faster mobility can be seen below the 
upper mRNA band. This observation suggests that hypoxia affects VEGF-C 
RNA processing. One explanation for this observation is that VEGF-C mRNA 

10 splicing is altered, affecting the VEGF-C open reading frame and resulting in 
an alternative VEGF-C protein being produced by hypoxic cells. Such 
alternative forms of VEGF-C and VEGF-C-encoding polynucleotides are 
contemplated as an aspect of the invention. 

Deposit of Biological Materials: Plasmid FLT4-L has been 

15 deposited with the American Type^Culture Collection (ATCC), 12301 

C Parklawn Dr., Rockville MD 5C$&- (USA), pursuant to the provisions of the 
Budapest Treaty, and has been assigned a deposit date of 24 July 1995 and 
ATCC accession number 9723 1 . 

While the present invention has been described in terms of 
20 specific embodiments, it is understood that variations and modifications will 
occur to those in the art. Accordingly, only such limitations as appear in the 
appended claims should be placed on the invention. 
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In order to determine the chromosomal localization of the 
human VEGF-C gene, DNAs from human rodent somatic cell hybrids 
containing defined sets of human chromosomes were anaJysed^ Southern 
blotting and hybridization with the VEGF-C cDNA probe. Among 24 DNA 

5 samples on the hybrid panel, representing different human chromosomes, 

human-specific signals were observed only in hybrids which contained human 
chromosome 4. The results were confirmed by PCR of somatic cell hybrid 
-DNA using VEGF-C specific primers, where amplified bands were obtained 
only from DNAs containing human chromosome 4. 

10 A. genomic PI plasmid for VEGF-C was isolated using specific 

primers and PCR and verified by Southern blotting and hybridization using a 

r VEGF-TBTspecific cDNA probe. The chromosomal localization of VEGF-C 
was further studied using metaphase FISH. Using the PI probe for VEGF-C 
in FISH a specific hybridization to the 4q34 chromosomal band was detected 

15 in 40 out of 44 metaphases (Fig. 17). Double-fluorochrome hybridization using 
a cosmid probe specific .for the aspartylglucosaminidase (AGA) gene showed 
that VEGF-C is located just proximal to the AGA gene previously mapped to 
the 4q34-35 chromosomal band. 

Biotin labelled VEGF-C PI and digoxigenin labeled AGA 

20 cosmid probes were hybridized simultaneously to metaphase chromosomes. 

This experiment demonstrated that the AGA gene is more telomerically located 
than the VEGF-C gene. The foregoing example demonstrates the utility of 
polynucleotides of the invention as chromosomal markers. 

EXAMPLE 18 

25 Effect of glucose concentration and hypoxia on 

VEGF, VEGF-B and VEGF-C mRNA 
" levels irr^S' glioblastoma cells 

Confluent cultures of C6 cells (ATCC CCL 107) were grown on 

10 cm diameter tissue culture plates containing 2.5 ml of DMEM and 5% fetal 

30 calf serum plus antibiotics. The cultures were exposed for 16 hours to 

normoxia in a normal cell culture incubator containing 5% C0 2 (Fig. 18: 

lanes marked -) or hypoxia (Fig. 18: lanes marked +) by closing the culture 

plates in an airtight glass chamber and burning a piece of wood inside until the 

flame was extinguished due to lack of oxygen. Polyadenylated RNA was 
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domain was used as a probe in Southern blotting and hybridization analysis of 
the somatic cell hybrid DNAs as instructed by the supplier (Bios Laboratories). 

The cell lines for fluorescence m situ hybridization (FISH) were 
obtained from the American Type Culture Collection (Rockville, MD). 

5 Purified DNA from PI clones 7660 and 7661 (VEGF-C) (Genome Systems, 
Inc., St. Louis, MO) were confirmed positive by Southern blotting of Eco RI- 
digested DNA followed by hybridization with the VEGF-C cDNA. The PI 
clones were then labelled by nick translation either with biotin-ll-dUTP, 
biotin-14-ATP (Sigma Chemical Co., St. Louis, MO) or digoxigenin 11-dUTP 

10 (Boehringer Mannheim GmbH, Mannheim, Germany) according to standard 
protocols. PHA-stimulated peripheral blood lymphocyte cultures were treated 
with 5-bromodeoxyuridine (BrdU) at an early replicating phase to induce 
G-banding. See Takahashi et a/., Human Genet., 56.14-16 (1995); Lemieux 
er a/., Cytogenet. Cell Genet., 50.311-12 (1992). The FISH procedure was 

15 carried out in 50% formamide, 10% dextran sulphate in 2x SSC using well- 
known procedures. See, e.g., Rytkonnen et aL, Cytogenet, Cell Genet., 
68.-61-63 (1995); lichter etal., Proc. NatL Acad. Sci. USA, £5:9664-68 
(1988). Repetitive sequences were suppressed with 50-fold excess of Cot-1 
DNA (BRL^af^esburg^MD) compared with the labeled probe. Specific 

20 hybridization signals were detected by incubating the hybridized slides in 
labelled antidigoxigenin antibodies, followed by counterstaining with 
O.lmmol/L 4,6-diamino-2-phenylindoIe. Probe detection for two-color 
experiments was accomplished by incubating the slides in fluorescein 
isothiocyanate (FTTC)-anti-digoxigenin antibodies (Sigma Chemical Co.) and 

25 Texas red-avidin (Vector Laboratories, Burlingame, CA) or 
rhodamine-anti-digoxigehin and FTTC-avidin. 

Multi-color digital image analysis was used for acquisition, 
display and quantification of hybridization signals of metaphase chromosomes. 
The system contains a PXL camera (Photometries Inc., Tucson, AZ) attached 

30 to a PowerMac 7100/ Av workstation. IPLab software controls the camera 
operation, image acquisition and LudI Filter wheel. At least 50 nuclei were 
scored. Overlapping nuclei and clusters of cells were ignored. A auuc 
containing normal lymphocyte metaphase spreads and interphase nuclei was 
included in each experiment to control for the efficiency and specificity of the 

35 hybridization. 



c 
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example of typical phase contrast and fluorescent microscopic fields of cultures 
stimulated with medium from mock-transfected or VEGF-C transfected cells is 
shown in Fig. 15B. Daily addition of 1 ng of FGF2 into the wells resulted in . 
the migration of approximately twice the number of cells when compared to 
5 the stimulation by CM from VEGF-transfected cells. 

EXAMPLE 16 
VEGF-C Is Expressed In Multiple Tissues 
Northern blots containing 2 micrograms of isolated poly(A) + 
RNA from multiple human tissues (blot from Clontech) were probed with 
10 radioactively labelled insert of the 2.0 kb VEGF-C cDNA clone. Northern 
blotting and hybridization analysis showed that the 2.4 kb RNA and smaller 
amounts of a 2.0 kb mRNA are expressed in multiple human tissues, most 
prominently in the heart, placenta, muscle, ovary and small intestine (Fig. 
16A). Very little VEGF-C RNA was seen in the brain, liver or thymus and 
15 peripheral blood leukocytes (pbl) appeared negative. A similar analysis of 
RNA from human fetal tissues (Fig. 16B) shows that VEGF-C is highly 
expressed in the kidney and lung and to a lesser degree in the liver, while - 
essentially no expression is detected in the brain. Interestingly, VEGF 
expression correlates with VEGF-C expression in these tissues, whereas 
VEGF-B is -h^r^elpressed in all tissues analyse!}. 



20 
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EXAMPLE 17 
The VEGF-C Gene Localizes To Chromosome 4q34 
A DNA panel of 24 interspecies somatic cell hybrids, which had 
retained one or two human chromosomes, was used for the chromosomal 
25 localization of the VEGF-C gene (Bios Laboratories, Inc., New Haven, CT). 
Primers were designed to amplify an about 250 bp fragment of the VEGF-C 
gene from somatic cell hybrid DNA. The primers and conditions for 
polymerase chain reaction (PCR) were 5 * -TG AGTG ATTTGTAGCTGCTGTG- 
3* (forward) [SEQ ID NO:34] and S'-TATrGCAGCAACCCCCACATCT-S' 
30 (reverse) [SEQ ID NO:35] for VEGF-C (94°C, 60s/62°C, 45s/72°C, 60s). The 
PCR products were evaluated by electrophoresis in 1 % agarose gels and 
visualized by ethidium bromide staining in ultraviolet light. [a-^PJ-dCTP- 
labelled cDNA inserts of a plasmid representing the complete VEGF-C coding 
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For the migration assays, the cells were allowed to attach inside a plastic ring 
(1 cm diameter) placed on top of the first collagen layer. After 30 min., the 
ring was removed and unattached cells were rinsed away. A second layer of 
collagen and a layer of growth medium (5 % newborn calf serum (NCS)), 

5 solidified by 0.75% low melting point agar (FMC BioProducts, Rockland, 
ME), were added. A well (3 mm diameter) was punched through all the 
layers on both sides of the cell spot at a distance of 4 mm, and the sample or 
control media were pipetted daily into the wells. Photomicrographs of the 
cells migrating out from the spot edge were taken after six days through an 

10 Olympus CK 2 inverted microscope equipped with phase-contrast optics. The 
migrating cells were counted after nuclear staining with the fluorescent dye 
bisbenzimide (1 mg/mi, Hoechst 33258, Sigma). 

Figi 15A depicts a comparison of the number of cells migrating 
at different distances from the original area of attachment towards wells 

15 containing media conditioned by the non-transfected (control) or transfected 
(mock; VEGF-C; VEGF) cells, 6 days after addition of the media. The 
number of ceils migrating out from the original ring of attachment was counted 
in five adjacent 0.5 mm x 0.5 mm squares using a microscope ocular lens grid 
and lOx magnification. Cells migrating further than 0.5 mm were counted in 

20 a similar way by moving the grid in 0.5 mm steps. The experiments were 

carried out twice with similar results, and medium values from the one of the 
experiments are presented with standard error bars. The photographs in Fig. 
15B depict phase-contrast microscopy and fluorescent microscopy of the 
nuclear staining of BCE cells migrating towards the wells containing media 

25 conditioned by the mock-transfected cells or by VEGF-C - transfected, cells. 
The areas shown is approximately 1mm x 1.5mm, and arrows indicate the 
borders of the original ring of attachment. 

After 6 days of treatment, the cultures were stained and cells at 
different distances outside of the original ring of attachment were counted 

30 using fluorescent nuclear staining and detection with a fluorescence microscope 
equipped with a grid. A comparison of the numbers of migrating cells in 
successive 0.5 mm a 0.5 mm ui&w u sliowr. in Fig 15A. Ac zzr. be seen from 
the columns, VEGF-C-containing CM stimulated cell migration more than 
medium conditioned by the non-transfected or mock-transfected cells but less 

35 than medium from cells transfected with a VEGF expression vector. An 
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nonradioactive arainoterminal sequence analysis is isolated. The determination 
of the NH2-terminal sequence of the carboxyl terminal fragment allows for 
identification of the proteolytic processing site. This is confirmed by site- 
directed mutagenesis of the amino acid residues adjacent to the cleavage site, 
5 which would prevent the cleavage. 

On the other hand, the Flt4 ligand is characterized by 
progressive 3* deletions in the 3' coding sequences of the Flt4 ligand precursor 
clone, resulting in carboxy-terminal truncations of its protein product. The 
^ activities of such truncated forms areJSayie^y, for example, studying Flt4 
10 autophosphorylation induced by the truncated proteins when applied to cultures 
C of cells, such as NIH^^cells expressing LTRFU4. By extrapolation from 
studies of the structure of the related platelet derived growth factor (PDGF, 
reference Heldin et aL, Growth Factors 5:245-252 (1993)) one determines that 
tHe region critical for receptor activation by the Flt4 ligand is contained within 
15 its first approximately 180 amino acid residues of the secreted VEGF-C 
protein lacking the signal sequence, and apparently within the first 
approximately 120 amino acid residues. 

On the other hand, the difference between the molecular weights 
of the purified ligand and the open reading frame of the Flt4 precursor clone 
20 may be due to the fact that the soluble ligand was produced from an 

alternatively spliced mRNA which would also be present in the PC-3 cells, 
from which the isolated ligand was derived. To isolate such alternative cDNA 
clones one uses cDNA fragments of the deposited clone and PCR primers 
made according to the sequence provided as well as techniques standard in the 
25 art to isolate or amplify alternative cDNAs from the PC-3 cell cDNA library. 
One may also amplify using reverse transcription (RT)-PCR directly from the 
PC-3 mRNA using the primers provided in the sequence of the FU4-L clone. 
Alternative cDNA sequences are determined from the resulting cDNA clones. 
One can also isolate genomic clones corresponding to the Flt4-L transcript 
30 from a human genomic DNA library using methods standard in the art and to 
sequence such clones or their subcloned fragments to reveal the corresponding 
. exons. Alternative exons can then be identified by a number of methods 
standard in the art, such as heteroduplex analysis of cDNA and genomic DNA, 
which are subsequently i>C characterized. 



Parkiawn Drive, Rockviile, MD 20852 as accession number 97231^^ 

However, the predicted molecular weight of the mature protein 
product deduced from thisrseading-frame is 35881 and the Flt4 ligand from 
PC-3 cell cultures hac?an approximate molecular weight of 23 kD under 
5 reducing conditions. It is thus possible that the Flt4-L mRNA may be first 
translated into a precursor, from which the mature ligand is derived by 
proteolytic cleavage. The difference in the observed molecular weight of the 
isolated Flt4 ligand and the deduced molecular weight of the disclosed open 
reading frame of the Flt4 ligand sequence may then derive from sequences in 

10 the carboxyl terminal region of the latter. Also, the Flt4 ligand may be 

glycosylated at two putative N-linked glycosylation sites conforming to the 
consensus which can be identified in the deduced Flt4 ligand amino acid 
sequence (N-residues underlined in.Figr 10).~ 

The carboxyl terminal amino acid sequences, which increase the 

15 predicted molecular weight of the FU4 ligand subunit in comparison with other 
ligands of this family, show a pattern of spacing^of cysteine residues 
C reminiscent of the Balbiani ring protein 3 (M^3) sequence (Dignam and Case, 
Gene 88, 133-140, 1990), as depicted in Fig. 9A. Such a sequence may . 
encode an independently folded domain present in a Flt4 ligand precursor and 

20 it may be involved, for example, in the regulation of secretion, solubility, 

stability, cell surface localization or activity of the Flt4 ligand. Interestingly, 
C at least one cysteine motif of the A BRP3* type is also found in the VEGF 
carboxy terminal amino acid sequences. 

Thus, the FIt4-L mRNA may be first translated into a precursor 

25 from the mRNA corresponding to the FU4-L clone, from which the mature 
ligand is derived by proteolytic cleavage. To define the mature Flt4 ligand 
product one first expresses the cDNA clone, which is deposited in the pcDNAI 
expression vector, in cells, such as COS cells. One uses antibodies generated 
against Flt4-L-encoded peptides, such as amino terminal 23 amino acid peptide 

,30 or bacterial FIt4 fusion proteins, such as a GST-fusion protein, to raise 

antibodies against the VEGF-homologous domain of Flt4 ligand. One then 
follows the biosynthesis and processing of the FU4 ligand in the transfected 
cells by pulse-chase analysis using radioactive cysteine for labelling of the 
cells, immunoprecipitation and gel electrophoresis. Using antibodies against 

35 the two domains of the product of the FU4-L clone material for radioactive or 
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PDGF/VEGF family of growth factors, as shown in Figure 10. 

EXAMPLE 11 

Stimulation of FIt4 autophosphorylation by the 
protein product of the Flt4 tigand vector 

The 2.1 kb insert of the FU4-L clone in pcDNAI vector 
containing the open reading frame encoding the sequence shown in Fig; 9B~ 
(SEQ ID NO: 32) was cut out from the vector using Hindlll and NotI 
restriction enzymes, isolated from a preparative agarose gel and ligated to the 
corresponding sites in the pREP7 expression vector (Invitrogen). The pREP7 
vector containing the above cloned insert was transfected into 293-EBNA cells 
(Invitrogen) using the calcium phosphate transfection method (Sambrook et ah, 
Molecular Cloning, A Laboratory Manual; Cold Spring Harbor Laboratory 
Press, 1989). About 48 hours after transfection the medium of the transfected 
cells was changed to DMEM medium lacking fetal calf serum and incubated 
for 36 h. The thus conditioned medium was then collected, centrifuged at 
5000 x g for 20 minutes, the supernatant was concentrated 5-fold using 
Centriprep 10 (Amicon) and used to stimulate NIH3T3 : cells expressing 
LTRFK41, as in Example 4. .The cells were lysed, immunoprecipitated using 
anti-Flt4 antiserum and^a^afysed^y Western blotting using anti- 
phosphotyrosine antibodies. 

As can be seen from Fig. 1 1 , lanes 1 and 3, the conditioned 
medium from two different dishes of the transfected cells stimulated Flt4 
autophosphorylation in comparison with the medium from mock-transfected 
cells, which gave only background levels of phosphorylation of the Flt4 
receptor (lane 2). When the concentrated conditioned medium was pre- 
" absorbed with 20 p\ ofa^u^of FU4EC domain coupled to Sepharose (see 
example 4), no phosphorylation was obtained (lane 4), showing that the 
activity responsible for FIt4 autophosphorylation was indeed the Flt4 ligand. 
Thus, these results demonstrate that the FU4-L plasmid vector clone having an 
approximately 2. 1 kb insert and containing the open reading frame shown in 
Fig. 9B is expressed into a FU4 ligand in cells transfected with the FU4-L 
expression vector clone, and thus is biologically active. The sequence encoded 
by that open reading frame is shown in SEQ ID NO: 33. Plasmid pFLT4-L 
has been deposited with the American Type Culture Collection, 12301 
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NO: 30) and 5 *-TC ACTATAGGG AG ACCC AAGC-3 ' (SEQ ID NO: 31) 
(sense-primer corresponding to nucleotides 2179-2199 of the pcDNAI vector). 
The amplified product was subjected to digestion with EcoRJ (Boehringer 
Mannheim) to remove the portion of the DNA sequence amplified from the 

5 pcDNAI vector and the resulting 153 bp fragment encoding the 5' end of the 
Flt4 ligand was labeled with p 2 P]-dCTP using the Klenow fragment of E.coli 
DNA polymerase I (Boehringer Mannheim). That fragment was used as a 
probe for hybridization screening of the amplified PC-3 cell cDNA library. 
Filter replicas of the library were hybridized with the 

10 radioactively labeled probe at 42 °C for 20 hours in a solution containing 50% 
formamide, 5x SSPE, 5x Denhardt's solution, 0.1% SDS and 0.1 mg/ml 
denatured salmon sperm DNA. Filters were washed twice in Ix SSC, 0.1% 
SDS for 30 minutes at room temperature, then twice for 30 minutes at 65 °C 
and exposed overnight. 

!5 On the basis of autoradiography, 10 positive recombinant 

bacterial colonies hybridizing with the probe were chosen from the library. 

(L Plasmid DNA was purified from these colonies and^analyseo'by EcoRI and 
NotI digestion and agarose gel electrophoresis followed by ethidium bromide 
staining. The ten plasmid clones were divided into three groups on the basis 

20 of the presence of insert sizes of approximately 1.7, 1.9 and 2.1 kb, 

respectively. Inserts of plasmids from each group were sequenced using the 
T7 oligonucleotide as a primer and walking primers for subsequent sequencing 
reactions. 

Sequence analysis showed that all clones contain the open 
25 reading frame encoding the NH2-terminal sequence of the FIt4 ligand. 

Furthermore, the 2.1 and 1.9 kb clones also contained sequences encoding the 
signal sequence (Fig. 9 A, SS). The 5' end of the 1.7 kb clone began within 
the signal sequence-encoding portion. Dideoxy sequencing was continued 
using walking primers in the downstream direction. An 1 140 nucleotide ^ 
30 portion of the sequence of the longest clone is shown in' Figure 9B. As can be 
seen in that figure, after the putative signal sequence the open reading frame 

artH residues further downstream 
from the J? amino acid signal sequence. When compared with sequences in 
the GenBank Database, the predicted protein product of this reading frame was 
35 found to be homologous with the predicted amino acid sequences of the 
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The beginning of the sequence represents the pcDNAI vector and the 
underlined sequence represents the amplified product of the 5*-end of the 
insert. The ATG codon located upstream of that sequence in the same reading 
frame is followed by an open reading frame containing the amplified product 
of the putative signal sequence and the first 13 amino acid residues of the 
secreted Flt4 ligand. The cloning of the 5* end of the Flt4 cDNA, as 
described in the preceding two examples, is depicted schematically in Fig. 9A. 

EXAMPLE 9 

Amplification of the 3'-end of cDNA encoding the FIt4 ligand 

Based upon the amplified 5*-sequence of the clones encoding the 
Flt4 ligand, two pairs of non-overlapping nested primers were designed to 
amplify the 3'-portion of the FLT4-L clones. The sense-strand primer 5'- 
AC AG AG AACAGGCC AACC-3 * (SEQ ID NO: 26) and antisense-strand 
primer 5 *-TCTAGC ATTTAGGTG AC AC-3 * (SEQ ID NO: 27) corresponding 
to nucleotides 2311-2329 of the pcDNAI vector were used in a first 
"touchdown" PCR. The annealing temperature of the reaction was decreased 
1°C every two cycles from 72°C to 52°C, at which temperature 15 additional 
cycles were carried out. The annealing time was 1 minute and extension at 
each cycle was carried out at 72°C for 3 minutes. DNA fragments of several 
sizes were obtained in the first amplification. Those products were diluted 
1:200 in water and reamplified in PCR using the second pair of primers: 5'- 
AAG AGACTATAAAATTCGCTGC AGC-3 * (SEQ ID NO: 28) and 5 T - 
CCCTCTAGATGCATGCTCGA-3 * (SEQ ID NO: 29) (antisense-strand primer 
corresponding to nucleotides 2279-2298 of the pcDNAI vector). Two DNA 
fragments were obtained, having sizes of 1350 bp and 570 bp. Those 
fragments were cloned into a pCRII vector and the inserts of the clones were 
sequenced. Both of these fragments were found to contain sequences encoding 
an amino acid sequence homologous to the VEGF sequence. 

EXAMPLE 10 

Screening the PC-3 cell cDNA library using the 5* 
PCR fragment of FU4 ligand cDNA 

A 219 bp S'-terminal fragment of Flt4 ligand cDNA was 
amplified by PCR using the 5' PCR fragment described above and primers 5'- 
GTTGTAGTGTGCTGC AGCG AATTT-3 ' (antisense-strand primer, SEQ ID 
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PC-3 cDNA library. First, amplification was performed with primer 5'- 
TCNGTGTTGTAGTGTGCTG-3 * (SEQ ID NO: 19), which is the antisense- 
strand primer corresponding to amino acid residues 9-15 (AAHYNTE, SEQ 
ID NO: 20), and sense-strand primer 5 1 -TAATACG ACTC ACTATAGGG-3 ' 

5 (SEQ ID NO: 21), corresponding to the T7 RNA promoter of the pcDNAI 
vector used for construction of the library. "Touchdown" PCR was used as 
disclosed in Don, et aL 9 Nucl Acids Res., 19: 4008 (1991), incorporated by 
reference herein. The annealing temperature of the two first cycles was 62 °C 
and subsequently the annealing temperature was decreased in every other cycle 

10 by 1 °C until a final temperature of 53 °C was reached, at which temperature 
16 additional cycles were conducted. Annealing time was 1 minute and 
extension at each cycle was conducted at 72 °C for 1 minute. Multiple 
amplified DNA fragments were obtained in the first reaction. The products of 
the first amplification (1 ul of a 1:100 dilution in water) were used in the 

15 second amplification reaction employing the nested primers 5'- 

GTTGTAGTGTGCTGCAGCG AATTT-3 ' (SEQ ID NO: 22), an antisense- 
strand primer corresponding to amino acid residues 6-13 (KFAAAHYN, SEQ 
ID NO: 23) of the Flt4 ligand, and 5 ' -TC ACTATAGGG AG ACCC AAGC-3 * 
(SEQ ID NO: 24), a sense-strand primer corresponding to nucleotides 2179- 

20 2199 of the pcDNAI vector. The sequences of these sense and antisense 

primers overlapped with the 3* ends of the corresponding primers used in the 
first PCR. "Touchdown" PCR was carried out by decreasing the annealing 
temperature from 72 °C to 66 °C and continuing with 18 additional cycles at 
66 °C. The annealing time was 1 minute and extension at each cycle was 

25 carried out at 72 °C for 2 minutes. One major product of about 220 bp and 
three minor products of about 270 bp, 150 bp, and 100 bp were obtained. 

The amplified fragment of approximately 220 bp was cut out 
from the agarose gel, cloned into a pCRII vector using the TA clomng Idt 
(Invitrogen) and sequenced. Three recombinant clones were^anaiyswarid they 

30 contained the sequence 5*- 

TCACTATAGGGAGACCCAAGCTTGGTACCGAGCTCGGATCCACTAGT 

AArnnrrnrrAnTnTnnTnnAATTr nACGAA( ^CATGACTGTACTCT 

ACCCAGAATATTGGAAAATGTACAAGTGTCAG rTAAGGCAAGGAGGC 
TGGCAACATAACAGAGAACAGGCCAACCTC AACTCAAGGACAGAAG 
35 AGACTATAAAATTCGCTGCAGCACACTACAAC- 3* (SEQ ID NO: 25). 
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lysates were centrifuged for 20 minutes at 15,000 x g. The supernatants were 
incubated for 2 hours on ice with 3 ul of the antiserum against the FIt4 C- 
terminus described in Example 2 and also in Pajusola, et al Oncogene 8: 
2931-2937, (1993), incorporated by reference herein. 
5 After a 2 hour incubation in the presence of anti-Flt4 antiserum, 

protein A-Sepharose (Pharmacia) was added and incubation was continued for 
45 minutes with rotation. The immunoprecipitates were washed three times 
with the immunoprecipitation buffer and twice with 10 mM Tris, pH7.5 before 
analysis in SDS-PAGE. Polypeptides were transferred to nitrocellulose and 
10 analyzed by Western blotting using FU4- or phosphotyrosine- specific antisera 
and the ECL method (Amersham International, Buckinghamshire, England). 
Anti-phosphotyrosine monoclonal antibodies (anti-PTyr; PY20) were purchased 
from Transduction Laboratories (Lexington, Kentucky). In some cases, the 
filters were restained with a second antibody after stripping. The stripping of 
15 the filters was done for 30 minutes at 50<>C in 100 mM 2-mercaptoethanol, 2% 
SDS, 62.5 mM Tris-HCl pH 6.7 with occasional agitation. 

As shown in Figure 4, the PC-3 cell conditioned medium 
stimulated tyrosine^hosphorylation of a 125 kD polypeptide when FU4- 
expressing NIH3T3* cells were treated with the indicated preparations of 
20 media, lysed, and the lysates were immunoprecipitated with anti-Flt4 

antiserum followed by SDS-PAGE, Western blotting, and staining using anti- 
PTyr antibodies. The resulting band was weakly phosphorylated upon 
stimulation with unconcentrated PC-3 conditioned medium (lane 2). The 125 
kD band comigrated with the tyrosine phosphorylated, processed form of the 
25 mature Flt4 from peryanadate-treated cells (compare lanes 2 and 7 of Fig. 4, 
see also Figure 5A). Comigration was confirmed upon restaining with anti- 
Flt4 antibodies as is also shown in Figure 5A (panel on the right). In order to 
show that the 125 kD polypeptide is not a non-specific component of the 
conditioned medium reactive with anti-phosphotyrosine antibodies, 15 ul of 
C 30 conditioned medium iJwseparated by SDS-PAGE, blotted on nitrocellulose 
and the blot was stained with anti-PTyr antibodies. No signal was obtained 
(Fig. 5B). Also, unconditioned medium failed to stimulate Flt4 
phosphorylation, as shown in Figure 4, lane 1. 

As shown in Figure 4, lane 3, stimulating activity was 
35 considerably increased when the PC-3 conditioned medium was concentrated 
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above (the HindlH site is in the 5' junction of the Flt4 insert with the 
pLTRpoly portion of the vector, the SphI site is in Flt4 cDNA). The resultant 
FU4EC insert was then ligated as a BamHI fragment into the BamHI site in the . 
pVTBac plasmid as disclosed in Tessier et aL, Gene 98: 177-183 (1991), 
5 incorporated by reference herein. The orientation was confirmed to be correct 
by partial sequencing so that the open reading frame of the signal sequence- 
encoding portion of the vector continued in frame with the FU4 sequence. 
That construct was transfected together with the baculovirus genomic DNA 
into SF-9 cells by Iipofection. Recombinant virus was purified, amplified and 

10 used for infection of High-Five cells (Invitrogen, San Diego, CA) using 
methods standard in the art. The Flt4 extracellular domain (Flt4EC) was 
purified from the culture medium of the infected High-Five cells using Ni- 
NTA affinity chromatography according to manufacturer's, instructions 
(Qiagen) for binding and elution of the 6xHis tag encoded in the COOH- 

15 terminus of the recombinant FIt4 extracellular domain. 

EXAMPLE 4 
Isolation of Flt4 Ligand from Conditioned Media 
An Flt4 ligand according to the invention was isolated from 
conditioned media from PC -3 prostatic adenocarcinoma cell line CRL1435 
20 from the American Type Culture Collection and cultured as instructed by the 
supplier in Ham's F-12 Nutrient mixture (GIBCO) containing 7% fetal calf 
serum. In order to prepare the conditioned media, confluent PC -3 cells were 
cultured for 7 days in Ham's F-12 Nutrient mixture (GIBCO) in the absence 
of fetal bovine serum. Medium was then cleared by centrifugation at 10,000 g 
25 for 20 minutes. The medium was then screened to determine its ability to 
induce tyrosine phosphorylation of Flt4 by exposure to Nn^J^-cells which 
had been transfected with Flt4-encoding cDNA using the pLTRFU41 vector. 
C .. For receptor stimulation experiments, subconfluent NIH3T3- cells were starved 
overnight in serum-free DMEM medium (GIBCO) containing 0.2% BSA. The 
30 cells were stimulated with the conditioned media for 5 minutes, washed twice 
~*ith cold rS£ ccntiining 100 uM vanadate and \yzzd in HI? A buffer (10 mM 
Tris pH 7.5, 50 mM NaCI, 0.5% sodium deoxycholate, 0.5% Nonidet P40 
. (BDH, Poole, England), 0.1% SDS, 0.1 U/ml Aprotinin (Boehringer 
Mannheim), 1 mM vanadate) for receptor immunoprecipitation analysis. The 
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SphI fragment of the S2.5 plasmid. The resulting vector was digested with 
EcoRI and Clal and li gated to a 138 bp PCR fragment amplified from the 0.6 
kb EcoRI fragment (base pairs 3789 to 4416 in the Genbank X68203 sequence) 
which encodes the 3* end of Flt4s shown in Figure 1 of Pajusola el aL, 
Cancer Res. 52:5738-5743, 1992, using the oligonucleotides 5'- 
CGGAATTCCC CATGACCGCA AC-3' (SEQ ID NO: 4) (forward, EcoRI 
site underlined) and 5 ' -C C ATCG ATG G ATCCTACCTG AAGCCGCTTT 
CTT-3* (SEQ ID NO: 5) (reverse, Clal site underlined). The coding domain 
was completed by ligation of the 1.2 kb EcoRI fragment (base pairs 2535-3789 
of sequence X68203) into the above construct. The complete cDNA was 
subcloned as a Hindlll-Clal (blunted) fragment (this Clal site was also included 
in the 3* primer used to construct the 3* end of the coding sequence) to the 
pLTRpoly expression vector reported in Makela et aL t Gene, 118: 293-294 
(1992) (Genbank accession number X60280), incorporated by reference herein, 
using its Hindlll-Acc I(blunted) restriction sites. 

The long form of Flt4 was produced by replacing the 3*-end of 
the short form as follows: The 3' region of the Flt4l cDNA was PCR- 
amplified using a gene specific and a pGEM 3Z vector specific (SP6 promoter) 
oligonucleotide 5 ' -ATTTAGGTG AC ACTATA-3 * (SEQ ID NO: 6) as reverse 
and forward primers, respectively, and an FIt41 cDNA clone containing a 495 
bp EcoRI fragment extending downstream of the EcoRI site at nucleotide 3789 
of the Genbank X68203 sequence (the sequence downstream of this EcoRI site 
is deposited as the Flt4 long form 3* sequence having Genbank accession 
number S66407). The gene specific oligonucleotide contained a BamHI 
restriction site located right after the end of the coding region. The sequence 
of that (reverse primer) oligonucleotide was 5'- 

CCATCGA TGGATCCC GATGCTGCTTAGTAGCTGT-3* (SEQ ID NO: 7) 
{BamHI site is underlined). The PCR product was digested with EcoRI and 
BamHI and transferred in frame to LTRFlt4s vector fragment from which the 
coding sequences downstream of the EcoRI site at base pair 2535 (see 
sequence X68203) had been removed by EcoRI-BamHI digestion. Again, the 
coding domain was completed by ligation of the 1.2 kb EcoRI fragment (base 
pairs 2535-3789 of sequence X68203) back into the resulting construct. 
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containing base pairs 56-2534 of the FIt4s into the EcoRI site of the pSP73 
vector (Promega, Madison, WI). 

Since cDNA libraries used for screening of Flt4 cDNAs did not 
contain its most 5* protein-coding sequences, inverse PCR was used for the 
5 amplification of the 5 * end of Flt4 corresponding to the first 12 amino acid 
C, residues (MQRG AALCLRLW) . Po!y(A) + RNA was isolated from -the- HHL 
cells and double-stranded cDNA copy was synthesized using the Amersham 
cDNA Synthesis System Plus kit and a gene specific primer: 5*- 
TGTCCTCGCTGTCCTTGTCT-3 * (SEQ ID NO: 1), which was located 195 

10 bp downstream of the 5* end of clone S2.5. Double stranded cDNA was 
treated with T4 DNA. polymerase to blunt the ends and cDNA was purified 
C with Centricon lOO^Amicon Inc., Beverly, MA). Circularization was made in 
a total volume of 150 ul. The reaction mixture contained ligation buffer, 5% 
PEG-8000, 1 mM DTT and 8U of T4 DNA ligase (New England Biolabs). 

15 Ligation was carried out at 16°C for 16 hours. Fifteen /*1 of this reaction mix 
was used in a standard 100 ul PCR reaction containing 100 ng of specific 
primers including Sad and Pstl restriction sites, present in this segment of the 
FU4 cDNA, and 1 unit of Taq DNA polymerase (Perkin Elmer Cerus). Two 
rounds of PCR were performed using 33 cycles (denaturation at 95°C for 1 

20 minute, annealing at 55°C for 2 minutes and elongation at 72°C for 4 minutes). 
The PCR mixture was treated sequentially with the SacI and Pstl restriction 
enzymes and after purification with MagicPCR Preps (Promega) DNA 
fragments were subcloned into the pGEM3Zf(+) vector for sequencing. The 
sequence obtained corresponds to the 5* end of the Flt4s cDNA clone 

25 deposited in the Genbank Database as Accession No. X68203. 

The sequence encoding the first 12 amino acid residues was 
added to the expression construct by ligating an SphI digested PCR fragment 
amplified using reverse transcription-PCR of poly(A) + RNA isolated from the 
HEL cells using the oligonucleotides 5 ' - ACA TGC ATGC CACCATGCAG 

30 CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 

GACTCCTGG A-3 * (SEQ ID NO: 2)(forward primer, SphI site underlined, the 

- * - - _- - « t • _ t « • r it a.1 '-.^.A Xr«—«1, /i»n<>anriir 

UUltauiUUimi dUUl XAJWti uioimm hi uuiu ivjuuwj ou wj;um»u«. m VUU .. ~w 

sequence Kozak, NucL Acids Res. 15: 8125-8148, 1987) and 5*- 
ACA TGCATGC CCCGCCGGT CATCC-3' (SEQ ID NO: 3) (reverse primer, 
35 SphI site underlined) to the 5* end of the S2.5 fragment, thus replacing unique 
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and VEGF-C thus increase our understanding of the complexity of the specific 
and redundant positive signals for endothelial cells involved in vasculogenesis, 
angiogenesis, permeability and perhaps also other endothelial functions. 
£ Also described herein is the localization of the VEGF-C genes* 

5 in human chromosomes by analysis of somatic cell hybrids and fluorescence in 
situ hybridization (FISH). Southern blotting and polymerase chain reaction 
analysis of somatic cell hybrids and fluorescence in situ hybridization of 
metaphase chromosomes was used to assess the chromosomal localization of 
the VEGF-C gene. The VEGF-C gene was located on chromosome 4q34, 

10 close to the human aspartylglucosaminidase gene previously mapped to 
4q34-35. The VEGF-C locus in 4q34 is a candidate target for mutations 
leading to vascular malformations or cardiovascular diseases. Expression 
studies by Northern blotting and hybridization show abundant VEGF-C 
expression in heart and skeletal muscle; other tissues, such as lung and kidney, 
Q_ 15 also express^he&egenes*. Whereas P1GF is predominantly expressed in the 

placenta, the expression patterns of the three VEGFs overlap in many tissues, 
which suggests that they may form heterodimers and interact to exert their 
physiological functions. 

Targeted mutagenesis leading to inactivation of the VEGF 

20 receptor loci in the mouse genome^iave' shown that VEGFR-1 is necessary for 
the proper organization of endothelial cells forming the vascular endothelium, 
while VEGFR-2 is necessary for the generation of both endothelial and 
hematopoietic cells. This suggests that the four genes of the VEGF family can 
be targets for mutations leading to vascular malformations or cardiovascular 

25 diseases. 

The following Examples illustrate preferred embodiments of the 
invention, wherein the isolation, characterization, and function of Flt4 ligands 
and ligand -encoding nucleic acids according to the invention are shown. 

EXAMPLE 1 

30 Production of pLTRFIt41 expression vector 

Construction of the LTR-Flt41 vector is schematically shown in 

*. - : ; t ■ 

: Figiire 2. The full-length Flt4s cDNA (Genbank Accession No. X68203) was 

assembled by first subcloning the S2.5 fragment, reported in Pajusola et aL, 
Cancer Res. 52:5738-5743 (1992), incorporated by reference herein, 
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herein further suggests that this gene product also is involved in the 
maintenance of the differentiated functions of the lymphatic endothelium where 
VEGFR-3 is expressed (Kaipainen et al., 1995). Lymphatic capillaries do not . 
have well formed basal laminae and an interesting possibility remains that the 
5 silk-like BR3P motif is involved in producing a supramolecular structure which 
could regulate the availability of VEGF-C in tissues. However, as shown 
here, VEGF-C also activates VEGFR-2, which is abundant in proliferating 
endothelial cells of vascular sprouts and branching vessels of embryonic 
tissues, but decreased in adult tissues. Millauer et ai., Nature, 567:576-78 

10 (1993). These data have suggested that VEGFR-2 is a major regulator of 

vasculogenesis and angiogenesis. VEGF-C may thus have a unique effect in 
lymphatic endothelium and a more redundant function shared with VEGF in 
angiogenesis and possibly permeability regulation of several types of 

q endothelia. Because VEGF-C stimulates the- VEGFR-2 and promotes 

15 endothelial migration, a utility for VEGF-C is suggested as an inducer of 

angiogenesis of blood and lymphatic vessels in wound healing, tissue 
C transplantation, in eye disesases, In the formation of collateral vessels to-" 
around arterial stenoses and into injured tissues after infarction. 

Taken together, these results show an increased complexity of 

20 signalling in the vascular endothelium. They reinforce the concept that when 
organs differentiate and begin to perform their specific functions, the 
phenotypic heterogeneity of endothelial cells increases in several types of 
functionally and morphologically distinct vessels. However, upon suitable 
angiogenic stimuli, endothelial cells can re-enter the cell cycle, migrate, 

25 withdraw from the cell cycle and subsequently differentiate again to form new 
vessels that are functionally adapted to their tissue environment. This process 
of angiogenesis concurrent with tissue development and regeneration depends 
on the tightly controlled balance between positive and negative signals for 
endothelial cell proliferation, migration, differentiation and survival. 

30 Previously-identified growth factors promoting angiogenesis include the 

fibroblast growth factors, hepatocyte growth factor/scatter factor, PDGF and 
TGF cr. (See, e.g., PolVman. Nature Med. 2:27-31 (1995); Friesei and 
Maciag, FASEB J. P.-919-25 (1995); Mustonen and Alitalo, /. Cell Biol. 
72P.895-98 (1995). However, VEGF has been the only growth factor 

35 relatively specific for endothelial cells. The newly identified factors VEGF-B 
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Mutational, analysis of the cysteine residues involved in the interchain disulfide 
CL- bridges fcat^shown that, in contrast to PDGF, VEGF dimers need to be held 

together by these covalent interactions in order to maintain biological activity. 

Disulfide linking of the VEGF-C polypeptide chain was evident in the analysis 
5 of VEGF-C in nonreducing conditions. 

VEGFR-3, which thus distinguishes between VEGF and VEGF- 
£. C, is closely related Asr structure to VEGFR-1 and VEGFR-2. Finnerty, et at., 

Oncogene, S.-2293-98 (1993); Galland, et aL, Oncogene, 5:1233^0 (1993); 

Pajusola, et aL, Cancer Res., 52.5738-43 (1992). However, the mature form 
10 of VEGFR-3 differs from the two other VEGFRs in that is is proteolytically 

cleaved in the extracellular domain into two disulfide-linked polypeptides. 

Pajusola, et al, Oncogene, P.3545-55 (1994). Another difference is that the 

4.5 and 5.8 kb VEGFR-3 mRNAs encode polypeptides differing in their C- 

termini and apparently in their signalling properties due to the use of 
15 alternative 3* exons. Borg et aL, Oncogene, 70.-973-84 (1995); Pajusola et 

aL, Oncogene, 5:2931-37 (1993). 

Besides VEGFR-3, VEGFR-2 tyrosine kinase also is activated in 

response to VEGF-C. VEGFR-2 mediated signals cause striking changes in 

the morphology, actin reorganization and membrane ruffling of porcine aortic 
20 endothelial cells overexpressing this receptor. In these cells, VEGFR-2 also 

mediated ligand-induced chemotaxis and mitogenicity. Waltenberger et aL, /. 

Biol Chem, 26"°;26988-95 (1994). Similarly, the receptor chimera ^ 
C_ CSF-1R/VEGFR-3 was mitogenic when ectopically expressed in NIHST^ 

fibroblastic cells, but not in porcine aortic endothelial cells (Pajusola et aL, 
Q 25 1994). Consistent with such results, the bovine capillary endothelial cells, J 

which express VEGFR-2 mRNA but very little or no VEGFR-1 or VEGFR-3 

mRNAs, showed enhanced migration when stimulated with VEGF-C. As 

shown here, light microscopy of the BCE cell cultures in collagen gel also 

suggested that VEGF-C stimulated the proliferation of these cells. The already 
30 existing data thus indicate that the VEGF ligands and receptors show a great 

specificity in their signalling, which may be cell type dependent. 

The expression pattern of the VEGFR-3 (Kaipainen et aL, Proc. 

Natl. Acad. Sci. USA, 92:3566-70 (1995)) suggests that VEGF-C may function 

in the formation of the venous and lymphatic vascular systems during 
35 embryogenesis. Constitutive expression of VEGF-C in adult tissues shown 



latter. Proteolytic processing of the VEGF-C precursor may occur at more 
than one cleavage site because the 32 kD molecular mass of the recombinant 
secreted ligand was also less than the deduced molecular mass of VEGF-C 
ORF without the signal peptide. By extrapolation from studies of the structure 
of PDGF (Heldin, et aL, Growth Factors, 8.245-52 (1993)), one can speculate 
that the region critical for receptor binding and activation by VEGF-C is 
contained within the amino-terminal first 180 or so amino acid residues^he 
secreted of VEGF-C protein lacking the signal sequence. In fact, the region 
critical for receptor binding and activation by VEGF-C is believed to be 
contained within the first approximately 120 amino acid residues of the 
secreted VEGF-C protein lacking the signal sequence. Thus, the 23 kD 
polypeptide binding VEGFR-3 is likely to represent the VEGF-homologous 
domain. After biosynthesis, the nascent VEGF-C polypeptide may be 
glycosylated at three putative N-linked gtycosylation sites identified in the 
deduced VEGF-C amino acid sequence. 

The carboxyl terminal amino acid sequences, which increase the 
length of the VEGF-C polypeptide in comparison with other ligands of this 
family, show a pattern of spacing of cysteine residues reminiscent of the . 
- Bmoaini ring 3 protein (BR3P) sequence (Dignam and Case, Gene, 88; 133-40 
(1990); Paulsson, et aL , J. Mol. Biol. , 2//.-331-49 (1990)). This novel C- 
terminal silk protein-like structural motif of VEGF-C may fold into an 
independent domain, which, on the basis of the considerations above, is at 
least partially cleaved off after biosynthesis. Interestingly, at least one 
cysteine motif of the BR3P type is also found in the carboxyl terminus of 
VEGF. In our experiments both the putative precursor and cleaved ligand 
were detected in the cell culture media, although processing was apparently 
cell-associated on the basis of the pulse-chase experiments. The determination 
of the amino terminal sequence of the isolated carboxyl terminal fragment will 
allow the identification of the proteolytic processing site. The generation of 
antibodies against different parts of the VEGF-C molecule will allow the 
exact determination of the precursor-product relationship and ratio, their 
cellular distribution, and the kinetics of processing and secretion. 

VEGF-C has a conserved pattern of eight cysteine residues, 
which may participate in the formation of intra- and interchain disulfide bonds, 
creating an antiparaltel dimeric biologically active molecule, similar to PDGF. 



c 
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which are ligands for the Flt4 receptor tyrosine kinase (VEGFR-3). ^ainrtd^ 
tigan^are members of a family of platelet-derived growth factors/vascular 



endothelial growth factors which promote mitosis and proliferation of vascular 
endothelial cells and/or mesodermal cells. Ligands recognizing the Flt4 
5 receptor tyrosine kinase were purified from a PC-3 prostatic adenocarcinoma 
cell line (ATCC CRL1435). When applied to a population of cells expressing 
the Flt4 receptor, ligands of the invention stimulate autophosphorylation, 
resulting in receptor activation. The invention also provides inhibitors of the 
Flt4 receptor, including antibodies directed against the ligand. A ligand 
10 according to the invention may be coexpressed as a larger precursor which is 
cleaved to produce the ligand. A coexpressed region in some cases results 
from alternative splicing of RNA of the ligand gene. Such a co-expressed 
region may be a function of the particular expression system used to obtain the 
ligand. The skilled artisan understands that in recombinant production of 
15 proteins, additional sequence may be expressed along with a functional peptide 
depending upon the particular recombinant construct used to express the 
protein, and subsequently removed to obtain the desired ligand. In some cases 
the recombinant ligand can be made lacking certain residues of the 
endogenous/natural ligand. Moreover, it is well-known in that conservative 

20 replacements may be made in a protein which do not alter the function of the 
protein. Accordingly, it is anticipated that such alterations are within the 
scope of the claims. It is intended that the precursor sequence shown in SEQ 
ID NO; 33 is capable of stimulating the Flt4 ligand without any further 
processing in a manner similar to that in which VEGF stimulates its receptor 

25 in its unprocessed form. 



for a novel growth factor. This conclusion is based on the specific binding of 
VEGF-C to recombinant FU4EC (Flt4 extracellular domain) protein and the 
induction of VEGFR-3 autophosphorylation by medium from VEGF-C 
30 transfected cells. In contrast, VEGF and P1GF did not show specific binding 
to VEGFR-3 or induce its autophosphorylation. 



of the purified and recombinant VEGF-C and the deduced molecular mass of 
the VEGF-C encoded by the VEGF-C open reading frame (ORF) may be due 
to proteolytic removal of sequences in the carboxyl terminal region of the 



Results reported herein show that VEGFR-3 transmits signals 



A major part of the difference in the observed molecular mass 



Figure 1 1 shows the stimulation of autophosphorylation of the 
Flt4 receptor by conditioned medium from cells transfected with the Flt4-L 
(VEGF-Q expression vector. 

Figure 12 shows Northern blotting analysis of Flt4-L (VEGF-C) 



isolated following a pulse-chase experiment and electrophoresed via SDS- 
PAGE under reducing conditions. 

Figure 13B is a photograph of polyacrylamide gel showing that 
recombinant VEFG-e forms are disulfide-linked in nonreducing conditions. 

Figure 14A and 14B depict Western blots showing that VEGF-C 
stimulates autophosphorylation of VEGFR-2 (KDR) but has no effect on 
PDGFR-0 phosphorylation. 

Figure 15A and 15B show that VEGF-C stimulates endothelial 
cell migration in a three-dimensional collagen gel assay. 

Figure 16A shows the expression of VEGF-C mRNA in human 

adult tissues. 

Figure 16B shows the expression of VEGF, VEGF-B, and * 
VEGF-C in selected human fetal tissues. 

Figure 17 schematically depicts the chromosomal localization of 
the VEGF-C gene. 

Figure 18 is a Northern blot hybridization study showing the 
effects of hypoxia on the mRNA expression of VEGF- A, VEGF-B and VEGF- 
C. 



prostatic adenocarcinoma cell line PC-3. The isolated cDNA encodes a 
protein which is proteolytically processed and secreted to cell culture medium. 
The secreted protein, designated VEGF-C, binds to the extracellular domain of 




Figure 13 A is an autoradiograph showing recombinant yEFG-C " 




Flt4 (designated VEGFR-3) and induces rvmsinn antrrnhnsnhnryiation of F!?4 
and VEGFR-2. VEGF-C also stimulates the migration of endothelial cells in 
collagen gel. 



The present invention also is directed to novel growth factors 
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oligonucleotides, and peptides which block the Flt4 receptor, all of which are 
intended as aspects of the invention. 



10 



15 



BRIEF DESCRIPTION OF THE DRAWING 
Figure 1 is a schematic diagram showing major endothelial cell 
receptor tyrosine kinases and growth factors involved in vasculogenesis and 
angiogenesis. , . [ 

Figure 2 schematically depicts the construction of the pLTRFlt4I 

expression - vector. 

Figure 3 schematically depicts the construction of the 
baculovirus vector encoding a secreted soluble Flt4 extracellular domain 
(Flt4EC). 

Figure 4 shows results of stimulation of Flt4 

autophosphorylation by conditioned medium from PC-3 cell cultures, 
o - ' A i,<P( Sbl^r&SC si-cur- 

i^MV? d n , 'j Figme j sh o ws that the major ty rosy 1 phosphorylated 
polypeptide of Flt4-transfected cells stimulated with PC-3 conditioned medium 
is the 125 kD Flt4 polypeptide (VEGFR-3). 

Figure 6 shows Western analysis of the Flt4 ligand activity . 
isolated from PC-3 conditioned medium. 



C 20 



25 



30 



Figure 7 shows results of gel electrophoresis of^fraettoiis fiuur 
-th e We& t tf u Idua^^ pf Flt4 ligand (VEGF-C) isolated from PC-3 conditioned 
medium. 

Figure 8 shows results of Western analysis of Flt4 
autophosphorylation induced by either the FU4 ligand (VEGF-C), VEGF, or 
PIGF. 

Figure 9A schematically depicts the cloning and analysis of the 
Flt4 ligand, VEGF-C. The VEGF-C coding sequence (shaded boxes) and 
signal sequence (ss) are depicted between 5' and 3* untranslated (ut) nucleic 
acid regions. ... ... 

Figure 9B shows the nucleotide and deduced amino acid 
sequence of the coding portion of FU4 ligand cDNA. The cleavage site for the 
putative signal pepetide is indicated with a shaded triangle. 

Figure-40-show^a comparison of the deduced amino acid 
sequences of PDGF-A, -B, two-PlGF isoforms, four VEGF isoforms and FIt4 
Ugand (VEGF-C). \ 
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In another aspect, the invention includes an antibody which is 
specifically reactive with polypeptides of the invention. Antibodies, both 
monoclonal and polyclonal, may be made against a ligand of the invention 
according to standard techniques in the art. Such antibodies may be used in 
5 diagnostic applications to monitor angiogenesis, vascularization, lymphatic 
vessels and their disease states, wound healing, or certain hematopoietic or 
leukemia cells, or they may be used to block or activate the Flt4 receptor. 

Ligands according to the invention may be labeled with a 
detectable label and used to identify their corresponding receptors in situ, 

10 Labeled Flt4 ligand and anti-FIt4 ligand antibodies may be used as imaging 

agents in the detection of lymphatic vessels, high endothelial venules, and Flt4 
receptors expressed in histochemical tissue sections. The ligand or antibody 
may be covalently or non-covalently coupled to a suitable supermagnetic, 
paramagnetic, electron dense, echogenic, or radioactive agent for imaging. 

15 Other, non-radioactive labels, such as biotin and avidin, may also be used. 

The present invention also provides diagnostic and clinical 
applications for claimed ligands. In a preferred embodiment, FU4 ligands or 
precursors are used to accelerate angiogenesis, e.g., during wound healing, or 
to promote the endothelial functions of lymphatic vessels. Ligands may be 

20 applied in any suitable manner using an appropriate pharmaceutically- 

acceptable vehicle. Ligands also may be used to quantify future metastatic 
risk by assaying biopsy material for the presence of active receptors or ligands 
in a binding assay or kit using detectably-labeled ligand. An FU4 ligand 
according to the invention also may be used to promote re-growth or 

25 permeability of lymphatic vessels in, for example, organ transplant patients. 
Ligands according to the invention also may be used to treat or prevent 
inflammation, edema, aplasia of the lymphatic vessels, lymphatic obstruction, 
elephantiasis, and Milroy's disease. Finally, Flt4 ligands may be used to 
stimulate lymphocyte production and maturation, and to promote or inhibit 

30 trafficking of leukocytes between tissues and lymphatic vessels or to affect 
migration in and out of the thymus. 

Tnhihitnrc nf fh*» FH4 Hronri mav be used to control endothelial 
cell proliferation and lymphangiomas. For example, such inhibitors may be 
used to arrest metastatic growth or spread, or to control other aspects of 

35 endothelial cell expression and growth. Inhibitors include antibodies, antisense 



10 
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comprises approximately amino acids 1-120 of SEQ ID NO: 33. Another 
preferred polypeptide of the invention comprises approximately amino acids 1- 

180 of SEQ ID NO: 33. 

The present invention also provides a cDNA encoding a novel 
polypeptide, designated VEGF-C, that is structurally homologous to VEGF. 
VEGF-C is a ligand for the FLT4 receptor tyrosine kinase (VEGFR-3), a 
receptor tyrosine kinase related to VEGFR-1 and VEGFR-2 that does not bind 
VEGF. VEGFR-3 is expressed in venous and lymphatic endothelia of fetal 
tissues and predominantly in lymphatic endothelial of adult tissues. Kaipainen 
et al., Cancer Res., 54:6571-77 (1994); Kaipainen et al., Proc. Natl. Acad. 
Sci. USA, 92.-3566-70 (1995). 

Thus, in a preferred embodiment, the invention includes a 
purified and isolated nucleic acid (e.g., a DNA or an RNA) encoding an FU4 
ligand precursor. Due to the degeneracy of the genetic code, numerous such 
15 coding sequences are possible, each having in common the coding of the 
amino acid sequence shown in SEQ ID NO: 33. As set forth above, the 
invention includes polypeptides which comprise a portion of the amino acid 
sequence shown in SEQ ID NO: 33 and which bind the Flt4 receptor tyrosine 
kinase (herein designated VEGFR-3); the invention also is intended to include 
20 nucleic acids encoding these polypeptides. Ligand precursors according to the 
invention, when expressed in an appropriate host cell, produce, via cleavage, a 
peptide which binds specifically to the Flt4 receptor tyrosine kinase (VEGFR- 
3). The nucleotide sequence shown in SEQ ID NO:32 contains a preferred 
nucleotide sequence encoding the Flt4 ligand (VEGF-C). 
25 The present invention also provides a cell line which produces 

an Ht4 ligand. The ligand may be purified and isolated directly from the cell 
culture medium. Also provided are vectors comprising a DNA encoding the 
Flt4 ligand, and host cells comprising the vectors. Preferred vectors of the 
invention are capable of expressing the FH4 ligand under the control of 
30 appropriate promoters and other control sequences. A preferred ^ector of the 
C- invention is plasmid pFLT4-L, having ATCC accession no. 3732*. 

The invention further includes a method of making polypeptides 
of the invention. In a preferred method, a nucleic acid or vector of the 
invention is expressed in a host cell, and a polypeptide of the invention is 
35 purified from the host cell or the host cell growth medium. 
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and VEGFR-1 also binds the related placenta growth factor (P1GF; Kd about 
200 pM), while the ligands for He, Tek, and Flt4 have not yet been reported. 



SUMMARY OF THE INVENTION 
The present invention provides a ligand for the Flt4 receptor 
5 tyrosine kinase. Thus, the invention provides a purified and isolated 

polypeptide which specifically binds to the Flt4 receptor tyrosine kinase. In a 
preferred embodiment, the ligand comprises a fragment of the amino acid 
sequence shown in SEQ ID NO: 33 which specifically binds to the FIt4 
receptor tyrosine kinase. 

10 The present invention also provides a precursor of an FU4 

ligand, wherein the precursor comprises the amino acid sequence shown in 
SEQ ID NO: 33. Thus, the invention includes a purified and isolated 
polypeptide having the amino acid sequence shown in SEQ ID NO: 33. 
r A putative -^amino acid signal peptide has been identified in 

15 the amino acid sequence shown in SEQ ID NO: 33. Thus, in a related 

aspect, the invention includes a purified and isolated polypeptide comprising 
amino acids of SEQ ID NO: 33. The Flt4 ligand precursor is 

proteolytically cleaved upon expression to produce an approximately 23 kD 
peptide which is the Flt4 ligand (herein designated VEGF-C). Thus, the 

20 invention includes a polypegide having an amino acid sequence comprising a 
portion of SEQ ID NO: 8, the portion encoding a fragment capable of 
specifically binding to FU4. A preferred fragment has a molecular weight of 
about 23 kDa as assessed by SDS-PAGE under reducing conditions. In a 
preferred embodiment of the invention, an Flt4 ligand is provided which is the 

25 cleavage product of the precursor peptide shown in SEQ ID NO: 33 and which 
has a molecular weight of approximately 23 kD under reducing conditions. 

Evidence suggests that the amino acids essential for retaining 
Flt4 ligand activity are contained within approximately amino acids 1-120 of 
SEQ ID NO: 33, and that the proteolytic cleavage to produce a mature, 

30 nawrally-occurring Flt4 ligand occurs within approximately amino acids 1-180 

include polypeptides comprising amino acids 1-120, 1-121, 1-122, 1-123, 1- 
124 .:. 1-178, 1-179, and 1-180 of SEQ ID NO: 33, wherein said polypeptides 
specifically bind to an Flt4 receptor tyrosine kinase. A preferred FIt4 ligand 
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rather than five immunoglobulin-like loops in their extracellular domain and 
they possess a longer kinase insert than normally observed in this family. The 
expression of VEGF receptors occurs mainly in vascular endothelial cells, 
although some may be present on monocytes and melanoma cells. Only 
5 endothelial cells have been reported to proliferate in response to VEGF, and 
endothelial cells from different sources show different responses. Thus, the 
signals mediated through VEGFR-1 and VEGFR-2 appear to be cell type 
specific. 

The Flt4 receptor tyrosine kinase (VEGFR-3) is closely related 
10 in structure to the products of the VEGFR-1 and VEGFR-2 genes. Despite 
this similarity, the mature form of FU4 differs from the VEGF receptors in 
that it is proteolytically cleaved in the extracellular domain into two disulfide- 
linked polypeptides. Pajusola etal.. Cancer Res., 52:5738-5743 (1992). The 
4,5 and 5.8 kb^t^mRNAs encode polypeptides which differ in their C- 
15 termini due to the use of alternative 3* exons. The VEGFs do not show 
specific binding to Flt4 or induce its autophosphorylation. 

Expression of FU4 appears to be more restricted than expression 
of VEGFR-1 or VEGFR-2. The expression of Flt4 first becomes detectable by 
in situ hybridization in the angioblasts of head mesenchyme, the cardinal vein, 
20 and extraembryonically in the allantois of 8.5 day p.c. mouse embryos. In 
12.5 day p.c. embryos the signal is observed in developing venous and 
presumptive lymphatic endothelia, but arterial endothelia appear negative. 
During later stages of development, Flt4 mRNA becomes restricted to 
developing lymphatic vessels. Only the lymphatic endothelia and some high 
25 endothelial venules express Flt4 mRNA in adult human tissues and increased 
expression occurs in lymphatic sinuses in metastatic lymph nodes and in 
lymphangioma. These results support the theory of the venous origin of 
lymphatic vessels. 

Five endothelial cell specific receptor tyrosine kinases, Flt-1 
30 (VEGFR-1), KDR/Flk-1 (VEGFR-2), FU4, Tie and Tek/Tie-2 have so far 

been described, which possess the intrinsic tyrosine kinase activity essential for 
signal transduction. Targeted mutations inactivating Flt-1, Flk-1, Tie and Tek 
in mouse embryos have indicated their essential and specific roles in 
■ vasculogenesis and angiogenesis at the molecular level. VEGFR-1 and 
35 VEGFR-2 bind VEGF with high affinity (Kd 16 pM and.760 pM, respectively) 



-3 - 

is a dimeric glycoprotein of disulfide-linked 23 kDa subunits. Other reported 
effects of VEGF include the mobilization of intracellular calcium, the 
induction of plasminogen activator and plasminogen activator inhibitor- 1 
synthesis, stimulation of hexose transport in endothelial cells, and promotion 
5 of monocyte migration in vitro. Four VEGF isoforms, encoded by distinct 
mRNA splice variants, appear to be equally capable of stimulating mitogenesis 
in endothelial cells. However, each isoform has a different affinity for cell 
surface proteoglycans, which behave as low affinity receptors for VEGF. The 
121 and 165 amino acid isoforms of VEGF are secreted in a soluble form, 

10 whereas the isoforms of 1 89 and 206 amino acid residues remain cell surface 
associated and have a strong affinity for heparin. 

VEGF was originally purified from several sources on the basis 
of its mitogenic activity toward endothelial cells, and also by its ability to 
induce microvascular permeability, hence it is also called vascular permeability 

15 factor (VPF). VEGF produces signals through two receptor tyrosine kinases, 
VEGFR-1 (FLT-1) and VEGFR-2 (KDR/Flk-1), which are expressed 
specifically on endothelial cells. The VEGF-related placenta growth factor 
(PIGF) was recently shown to bind to VEGFR-1 with high affinity. PIGF was 
able to enhance the growth factor activity of VEGF, but it did not stimulate 

20 endothelial cells on its own. Naturally occurring VEGF/P1GF heterodimers 
were nearly as potent mitogens as VEGF homodimers for endothelial cells. 

The pattern of VEGF expression suggests its involvement in the 
development and maintenance of the normal vascular system and in tumor 
angiogenesis. During murine development, the entire 7.5 day post-coital (p.c.) 

25 endoderm expresses VEGF and the ventricular neuroectoderm produces VEGF 
at the capillary ingrowth stage. Sec Breier, et al.. Development, 114:521-523 
(1992). On day two of quail development, the vascularized area of the yolk 
sac as well as the whole embryo show expression of VEGF. In addition, 
epithelial cells next to fenestrated endothelia in adult mice show persistent 

30 VEGF expression, suggesting a role in the maintenance of this specific 
endothelial phenotype and function. 

— * - «-*-«- r-r-.--_± „ * rr»/-«T? I „ U™ . «U n n^an-ra^ 

These are VEGFR-1 /Fit- 1 (fms-like tyrosine kinase-1) and VEGFR-2/Kdr/Flk- 
1 (kinase insert domain containing receptor/fetal liver kinase-1). Those 
35 receptors are classified in the PDGF-receptor family, but they have seven 



Key signals regulating cell growth and differentiation are 
mediated by polypeptide growth factors and their transmembrane receptors, 
many of which are tyrosine kinases. Autophosphorylated peptides within the 
tyrosine kinase insert and carboxyl-terminal sequences of activated receptors 
are commonly recognized by kinase substrates involved in signal transduction 
for the readjustment of gene expression in responding cells. Several families 
of receptor tyrosine kinases have been characterized. Van der Geer, et aL, 
Ann. Rev. Cell BioL , 70:251-337 (1994). The major growth factors and 
receptors transducing angiogenic stimuli are schematically shown in Figure 1. 

Fibroblast growth factors are also known to be involved in the 
regulation of angiogenesis. They have been shown to be mitogenic and 
chemotactic for cultured endothelial cells. Fibroblast growth factors also 
stimulate the production of proteases, such as collagenases and plasminogen 
activators, and induce tube formation by endothelial cells. Saksela, et aL, 
Ann. Rev. Cell BioL, 4:93-126 (1988). There are two general classes of 
fibroblast growth factors, FGF-1 and FGF-2, both of which lack conventional 
signal peptides. Both types have an affinity for heparin and FGF-2 is bound to 
heparin sulfate proteoglycans in the subendothelial extracellular matrix from 
which it may be released after injury. Heparin potentiates the stimulation of 
endothelial cell proliferation by angiogenic FGFs, both by protecting against 
denaturation and degradation and dimerizing the FGFs. Cultured endothelial 
cells express the FGF-1 receptor but no significant levels of other high-affinity 
fibroblast growth factor receptors. 

Among other ligands for receptor tyrosine kinases, the platelet 
derived growth factor, PDGF-BB, has been shown to be weakly angiogenic in 
the chick chorioallantoic membrane. Risau, et aL, Growth Factors, 7:261-266 
(1992). Transforming growth factor a (TGFcr) is an angiogenic factor 
secreted by several tumor cell types and by macrophages. Hepatocyte growth 
factor (HGF), the ligand of the c-met proto-oncogene-encoded receptor, also is 
strongly angiogenic. 

Recent evidence shows that there are endothelial cell specific 
growth factors and receptors that may be primarily responsible for the 
stimulation of endothelial cell growth, differentiation and certain differentiated 
functions. The best studied of these is vascular endothelial growth factor 
(VEGF), a member of the PDGF family. Vascular endothelial growth factor 
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"^Sn^^0^ Thk 58 a continuation-in-part of United States Patent Application 
Serial Number 08/5 10, 133 , filed August 1 , 1995 J ^ Sv 

FEELD OF THE INVENTION 

5 The present invention generally relates to the field of genetic 

engineering and more particularly to growth factors for endothelial ceils and 
growth factor genes. 

BACKGROUND OF THE INVENTION 
Developmental growth, the remodelling and regeneration of 

10 adult tissues, as well as solid tumor growth, can only occur when accompanied 
by blood vessel formation. Angioblasts and hematopoietic precursor cells 
differentiate from the mesoderm and form the blood islands of the yolk sac and 
the primary vascular system of the embryo. The development of blood vessels 
from these early (in situ) differentiating endothelial cells is termed 

15 vasculogenesis. Major embryonic blood vessels are believed to arise via 
vasculogenesis, whereas the formation of the rest of the vascular tree is 
thought to occur as a result of vascular sprouting from pre-existing vessels, a 
process called angiogenesis, Risau, et at, Devel. Biol, 725:441-450 (1988). 

Endothelial cells give rise to several types of functionally and 

20 morphologically distinct vessels. When organs differentiate and begin to 

perform their specific functions, the phenotypic heterogeneity of endothelial 
cells increases.. Upon angiogenic stimulation, endothelial cells may re-enter 
the cell cycle, migrate, withdraw from the cell cycle and subsequently 
differentiate again to form new vessels that are functionally adapted to their 

25 tissue environment. Endothelial cells undergoing angiogenesis degrade the 
underlying basement membrane and migrate, forming capillary sprouts that 
project into the perivascular stroma. Ausprunk, et al. 9 Microvasc. Rev,, 
14:51-65 (1977). Angiogenesis during tissue development and regeneration 
depends on the tightly controlled processes of endothelial cell proliferation, 

™ migration, differentiation, and survival. Dysfunction of the endothelial cell 

regulatory system is a key feature of many diseases. Most significantly, tumor 
growth and metastasis have been shown to be angiogenesis dependent. 
Folkman, et aL. /. Biol. Oiem., 267:10931-10934 (1992). 
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ABSTRACT 

Provided arc Hgands for the receptor tyrosine kinase, FH4. Also 
provided are cDNAs and vectors encoding the ligand, pharmaceutical 
compositions and diagnostic reagents. 
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Be it known that we, Kari Alitalo, a citizen of Finland, residing at 
Nyyrikintie 4A, 02100 Espoo, Finland, and Vladimir Joukov. a citizen of Finland, 
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£. □ Design Application ($150.00/$300.00) Filing Fee: $ 

C. □ Plant Application ($245.00/$490.00) Filing Fee: $ 
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a Joint inventor or person showing a proprietary interest on behalf of 
inventor who refused to sign or cannot be reached 

□ The petition required by 37 CFR 1 .47 and the statement required 
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B Not enclosed - the undersigned attorney or agent is authorized to file this 
application on behalf of the applicant(s). An executed declaration will follow. 

Additional Papers Enclosed 

□ Preliminary Amendment 

□ Information Disclosure Statement 
O Declaration of Biological Deposit 

H Computer-readable copy of sequence listing containing nucleotide and/or amino 

acid sequence 
H Statement pursuant to 37 C.F.R. SI .821(f) 

□ Verified statement(s) claiming small entity status under 37 CFR 1 .9 and 1 .27 

□ Associate Power of Attorney 

O Verified translation of a non-English patent application 

□ An assignment of the invention 

□ Certified copy(ies) of application(s): 



COUNTRY 


APPLICATION NO. 


FILED 





















from which priority under 35 USC 1 19 is claimed O is(are) attached. 

□ will follow. 

O Other 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Docket No: 281 1 3/33072 

PATENT APPLICATION TRANSMITTAL 



Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C, 20231 

Sir: 

Transmitted herewith for filing is the patent application of 
Inventor(s): Kari Alitalo and Vladim ir Joukov 
Title: "Receptor Ligand" 

1 . Type of Application 

This new application is for a 

0 utility patent. 
□ design patent. 

2. Application Papers Enclosed 

1 Title Page 

49 Pages of Specification (excluding Claims, Abstract & Drawings) 

2 Pages of Claims 
1 Page of Abstract 

24 Sheets of Drawings (Figs. 1 to 18) 
□ Formal 

/ ' H Informal 

CERTIFICATION UNDER 37 CFR 1.10 

I hereby certify that this Patent Application Transmittal and the documents referred to as enclosed 
therewith are being deposited with the United States Postal Service on January 12, 1996, in an 
envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231 utilizing the 
•Express Mail Post Office to Addressee" service of the United States Postal Service under Mailing Label 
No. EG473137204US. 



David A. Gass 



PATENT APPLICATION SERIAL HO._ 



U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 
FEE RECORD SHEET 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Application of: 

Alitalo et al. 
Serial No.: 08/585,895 
Filed: January 12, 1996 
For: Receptor Ligand 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



I hereby certify that this paper is being deposited 
with the United States Postal Service as first 
class mail, postage prepaid, in an envelope . 
addressed to: Assistant Commissioner for 
Patents, Washington, D.C. 20231, on this date: 



Dated: March 28. 1996 
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David A. Gass 
Registration No. 38,153 
Attorney for Applicant(s) 



TRANSMITTAL OF EXECUTED DECLARATION 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attention: Application Branch 



Sir: 

Submitted herewith is an executed Declaration for filing in the above-identified 
application. No Notice to File Missing Parts has been received by the Applicants. 

Also enclosed is a check in the amount of $130.00 in payment of the fee for 
submission of the declaration. See 37 C.F.R. § 1.16(e). 

The Commissioner is hereby authorized to charge any deficiency in the amount 
enclosed or any additional fees which may be required under 37 CFR 1.16 or 1.17 to 
Deposit Account No. 13-2855. A copy of this request is enclosed. 

Please refund any overpayment to Marshall, O'Toole, Gerstein, Murray & 
Bo run at the address below. 



March 28, 1996 



Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312) 474-6300 



By: 
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In the Application of: 
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For , Receptor Ligand 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



I hereby certify that this paper is being deposited 
with the United States Postal Service as first 
class mail, postage prepaid, in an envelope 
addressed to: Assistant Commissioner for 
Patents, Washington, D.C. 20231, on this date: 

Dated: March 28. IQQfi 



David A. Gass 
Registration No. 38,153 
Attorney for Applicant(s) 



TRANSMITTAL OF EXECUTED DECLARATION 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attention: Application Branch 



Sir: 

Submitted herewith is an executed Declaration for filing in the above-identified 
application. No Notice to File Missing Parts has been received by the Applicants. 

Also enclosed is a check in the amount of $130.00 in payment of the fee for 
submission of the declaration. See 37 C.F.R. § 1.16(e). 

The Commissioner is hereby authorized to charge any deficiency in the amount 
enclosed or any additional fees which may be required under 37 CFR 1.16 or 1.17 to 
Deposit Account No. 13-2855. A copy of this request is enclosed. 

Please refund any overpayment to Marshall, O'Toole, Geretein, Murray & 
Borun at the address below. 



Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312) 474-6300 



March 28, 1996 



By: 




David A. Gass 
Reg. No: 38,153 



Atty. Docket No: 28113/33072 
DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 

As a below named inventor. I hereby declare (hat my residence, post office address and citizenship are as stated below next 
.„ ™, na™ I believe that I am an original, first and joint inventor of the subject matter wh.cn .s clauned and for wh.cn a paten « 
to my name. I beUeve m* I . ^.gSproR LKJAND,' the specification of which was filed on January 12, 1996. as AppI.cat.on 

fl^t S by an/amendmenKs) referred to above. I d» du* ^disclose « the Patent and Remark- 

Office all information known to me to be material to patentabihty as defined in 37 C.F.R. 51.56. 

J* ^ Z *££Z^ ***** or any PCT intcroatiooal appHcation(s) 

lE^l^oSf^ IZr^L UnitcVsutesof America filed by mo on the same subject matter having a flung date 
before that of the application(s) of which priority is claimed: culmed 

□ □ 

/^».,„, ro . " (Day/Month/Year Filed) Y " N ° 

(Application Senal dumber) (Country) 

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional applications) listed below: 



(DsyMomh; Year Wed) 



(Application Senal Number) 

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international appUcationCs) 
a • Jj^lMsZL of America listed below and, insofar as the subject matter of each of the claims of this applicat.cn ,s 

TdSfo me Office allTnformation known to me to be material to patentability as defined in 37 CF.R. §LSS which occurred 
letwee ^ fig date of the prior applications) and the national or PCT international filing date of th.s application: 



(Application Serial Number) 



ni A„m,ct 1QQS 
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(Application Serial Number) 



(Day/Month/Year Filed) 
(Day /Month/ Year Filed) 



(Status-Patented, Pending or Abandoned) 
(Status-Patented. Pending or Abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all sUtemen^ made on ^formation 
and belief are believed to be tme; and further that these statements were made with the knowledge that w -lUfi. false statements a^d 
me like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. $1001 and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

POWER OF ATTORNEY: I hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith: 



Atvin D. Shu lmaoJ lgJi2) 
Donald I. BroffJfQSSD 
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Trevor B. Joike (25.542) 
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Richard H. Anderson (26.526) 
Patrick D. Ertel (26,877) 
James P. Zefler (28.491) 
-William E. McCracken (30.195) 



Richard A. Schnurr (30,890) 
Anthony Nimmo (30,920) 
Christine A. Dudzik (31^45) 
Kevin D. Hogg 01,839) 
Jeffrey S. Sharp p 1,879) 
Donald J. Pochopien (32,167) 
Martin 1. Hirsch (32,237) 
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312-474-6300 
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233 South Wacker'Drive 
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Chicago, Illinois 



James J. Napofi (32,361) 
Richard M. La Barge (32,254) 
Jeffry W. Smith (33,455) 
Douglass C. Hochstetler (33,710) 
Cynthia L. Schaller (34,245) 
Robert M. Oerstein (34,824) 
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UNITED ST ATT j DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 



APPLICATION NUMBER 



FIRST NAMED APPLICANT 



ATTY. DOCKET NOl/TTTLE 



DAVID A SrtSS 

MARSHALL Q'^OOL^ C-iERi"IN >V-jF~<^y BO RUN 
6300 SEARS TOUHEfl 

233 SOUTH WICKER r^IV:" C l'C-C 

CHICAGO IL S06CS-G402 

DATE MAILED: 0 5 / i .< / 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

An Application Number and Filing Date have been assigned to this application. However, the items indicated 
below are missing. The required items and fees identified below must be timely submitted ALONG WITH 

THE PAYMENT OF A SURCHARGE for items 1 and 3-6 only of $ for large entities or 

$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in 

37 CFR 1.16(c). 

If all required items on this form are filed within the period set below, the total amount owed by applicant as a Q Targe 
entity, O small entity (verified statement filed), is $ — 



Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE 
FILING DATE of this application. WHICHEVER IS LATER, within which to file all required items and pay any fees 
required above to avoid abandonment Extensions of time may be obtained by filing a petition accompanied by the 
extension fee under the provisions of 37 CFR 1.136(a), 



I. □ The statutory basic filing fee is: □ missing □ insufficient. Applicant as a □ large entity □ small 

entity, must Bubmit $ to complete the basic filing fee. 

2 D Additional claim fees of $ as a □ large entity, □ small entity, induding any 

required multiple dependent claim fee, are required. Applicant must submit the additional claim 
fees or cancel the additional claims for which fees are due. 

3. IS^fiie oath or declaration: 
QH's missing. 

□ does not cover the newly submitted items. 

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date is required. 
4 □ The oath or declaration does not identify the application to which it applies. An oath or declaration 
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required. 

5. □ The signatured) to the oath or declaration is/are: □ missing; □ by a person other than the inventor 

or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required. 

6. □ The signature of the following joint inventors) is missing from the oath or declaration: 

' An oath or declaration listing the names of all inventors and signed by 

the omitted inventors), identifying this application by the above Application NumbeT and Filing 
Date, is required. 

7. □ The application was filed in a language other than English Applicant must file a verified English 

translation of the application and a fee of $ under 37 CFR 1.1700. unless this fee has 

already been paid. 

8 q A $ .processing fee is required since your check was returned without payment. 

(37 CFR L21(m)). 

9. □ Your filing receipt was mailed in error because your check was returned without payment. 

10. □ The application does not comply with the Sequence Rules. See attached Notice to Comply with 
Sequence Rules 37 CFR 1.821-1.825. 

II. □ Other. 

Direct the response to Box Missing Part and refer any questions to the Customer Service Center 
at (703) 308-1202. 

A copy of this notice MUST be returned with the response. 
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PATENT 
28113/33072 



UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Alitalo et al. 
Serial No: 08/585,895 



Filed: January 16, 1996 
Title: RECEPTOR LIGAND 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



"EXPRESS MAIL" 
Mailing label No. EM 1 1 8660766US 



Date of Deposit: 
May 24, 1996 

I hereby certify that this paper <or fee) 
is being deposited with the United 
States Postal Service "EXPRESS 
MAIL POST OFFICE TO ADDRESSEE" 
service under 37 CFR §1.10 on the 
date indicated above and is addressed 
to the Assistant Commissioner for 
Patents, 

Washington, D.C., 20231. 
Mark Bonadonna 



Petition to Accord a Filing Date of January 12, 1996, 
Pursuant to 37 C.F.R. §§ 1.6, 1.10, 

and 1.53, and M.P.E.P. §506.02 xN i> 

or, in the alternative. 

Petition to Suspend Rules Pursuant to 
35 U.S.C. §21 and 37 C.F.R. § 1.183 
to Accord Filing Date of January 12, 1996 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attn: Special Frogram Law Office 

Dear Sir: 

The Applicants request that the above-identified patent application, 
which has been accorded a filing date of January 16, 1996, be accorded an earlier 
filing date of January 12, 1996. The application was filed in accordance with 37 
C.F.R. §1.10 and 1.53(a) on January 12, 1996. 

If this request is denied, then the Applicants hereby petition to accord 
a filing date of January 12-1996, pursuant to 37 C.F.R. §§ 1.6, 1.10, and 1.53. 

— — — ■_ — _i* — a « rt i;r>ontc notition to susnend the 

ana ivi. r.cr. a juu.u^.. m uio uu& ( • < r( • 

rules pursuant to 35 U.S.C. §21 and 37 C.F.R. §1.183, to Accord Filing Date of 
January 12, 1996. 



!. Petition for Review of Refusal to Accord Ring Date Pursuant to 37 C.F.R. 
SS 1.6. 1.10. 1.17(h) and 1.53. and M.P.E.P. §506.02 

A. Statement of Facts 

The above^identified patent application was filed in accordance with 
37 C.F.R. 51.53(a) on Friday, January 12. 1996, using the "Express Mail" 
procedures set forth in 37 C.F.R. §1.10. Copies of the Applicants' transmittal 
letter, specification cover sheet, and express mail mailing receipt are submitted 
herewith as Exhibits 1, 2 r and 3. respectively. The transmittal letter and 
specification cover sheet contain certificates of mailing in accordance with 37 
C.F.R. 51.10, dated January 12, 1996. 

On May 15, 1996, the Patent and Trademark Office mailed a Notice 
to File Missing Parts of Application Filing Date Granted. (Exhibit 4.) However, 
the filing date on the Notice was Tuesday/January 16, 1996, instead of January 
12, 1996. 

B. Argument 

The Patent and Trademark Office has nol identified any defects in the 
application or certificates of mailing dated Friday, January 12, 1996. Friday, 
January 12, 1996, was nol a Saturday, Sunday, or Federal holiday. 1 Accordingly, 
under the rules promulgated by the Commissioner, the above-identified application 
properly should be considered as having been filed on January 12, 1996. See 37 
C.F.R. §1.10 (a). Correction of the filing date to January 12, 1996, is respectfully 
requested. 

II. Conditional Petition to Suspend Rules to Accord a Filing Date of January 12. 
1996 

If the foregoing petition is denied on the grounds that the 
Commissioner declared January 12, 1996, to be a "Federal holiday" as that term is 
used in 37 C.F.R. §1.10, then the Applicants hereby petition the Commissioner t 
suspend the rules pursuant to 37 C.F.R. §1.183, and to accord the present 
application a filing date of January 12, 1996. This petition has been filed 
following a telephone interview between the undersigned attorney and Examiner 



1 As set forth in M.P.E.P. §710.05, the Federal holidays are New Year Day, 
Martin Luther King's Birthday, Washington's Birthday, Memorial Day, Independence 
Day, Labor Day, Columbus Day, Veteran's Day, Thanksgiving Day. Christmas Day, 
and Inauguration Day. 
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Nguyen concerning this matter on May 20. 1 996, which interview the Applicants 
acknowledge with thanks. 

A. Statement of Facts 

The Applicants, through their attorneys at Marshall, O'Toole, Gerstein, 
Murray & Borun, prepared the above-identified application for filing on or before 
January 12, 1996, on the informed belief that a manuscript (authored by the 
Applicants and others) describing aspects of the invention would be published in 
The EMBO Journal, Volume 15, Number 2, on January 15, 1996 (Martin Luther 
King's Birthday, a Federal Holiday). The Application was filed on Friday, January 
12, 1996, using the "Express Mail w procedures set forth in 37 C.F.R. §1.10, as 
explained in detail in Section I above. (See Exhibits .1-3.) However, the application 
was accorded a filing date of January 16, 1996. (See Exhibit 4.) 

The Applicants intend to file at least one application directed to the 
subject matter of the present application in a foreign country, claiming the priority 
benefit of the present application under the Paris Convention. Most foreign 
countries are "absolute novelty" countries wherein a publication of an invention 
that is available to the public on January 15, 1996, will bar patent protection to 
the invention based on an application having a priority date of January 16, 1996. 

B. Argument 

The Applicants' reliance on the Express Mail procedures of 37 C.F.R. 
§1.10 for the present application, to obtain a filing date of January 12, 1996, was 
reasonable, because January 12, 1996, was not a Saturday, Sunday, or 
recognized Federal holiday. If January 1 2 was deemed a "Federal holiday" by the 
Commissioner, it was so deemed, without advance warning to the Applicants, due 
to an unscheduled and unforeseeable event -- adverse weather conditions in the 
District of Columbia. An apparent purpose of deeming such days to be "Federal 
holidays" is to protect applicants' patent rights, by allowing for the timely filing of 
papers or fees on the next succeeding business day. See M.P.E.P. §510. 
However, the effect of denying the present Applicants a filing date of January 1 2, 
1996, on the grounds of an unscheduled, weather-related "Federal holiday" being 
declared, may be to destroy the present Applicants' valuable patent rights in 
foreign countries. The Applicants submit that the foregoing unforeseeable 
circumstances comprise an extraordinary situation, and that justice requites iiic 
suspension of rules to accord the present application a filing date of January 1 2, 
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1996, to preserve the Applicants* foreign patent rights. The granting of such a 
filing date is not believed to contravene any requirements of the patent statutes. 
In fact, the granting of the- January 12, 1996, filing date is submitted to be in 
complete harmony with the purpose and intent of 35 U.S.C. §21 and 37 C.F.R. 
§51.6 and 1.10. 

SUMMARY 

The Applicants respectfully request and petition that the present 
application be accorded a filing date of January 12, 1996. The present petition is 
accompanied by a check for $130.00 in payment of the petition fee set forth in 37 
C.F.R. §1.1 7(h). The Commissioner is authorized to charge any necessary 
additional fees due in connection with this petition to deposit account No. 13- 
2855. A copy of this paper is enclosed. 

Respectfully submitted. 

Dated 

David A. Gass 
Registration No. 38,153 

MARSHALL, O'TOOLE, GERSTEIN, . 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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PATENT 
28113/33072 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants: Alitalo et at. 
Serial No: 08/585,895 



Red: January 16, 1996 
Title: RECEPTOR LIGAND 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



"EXPRESS MAIL" 
Mailing label No. EMI 18660766US 



Date of Deposit: 
May 24, 1 996 

I hereby certify that this paper (or fee) 
is being deposited with the United 
States Postal Service "EXPRESS 
MAIL POST OFFICE TO ADDRESSEE" 
service under 37 CFR §1.10 on the 
date indicated above and is addressed 
to the Assistant Commissioner for 
Patents, 

Washington, D.C.. 20231. 
Mark Bonadonna 



Petition to Accord a Filing Date of January 12, 1996. 
Pursuant to 37 C.F.R. §§ 1.6, 1.10, 
and 1.53, and M.P.E.P. §506.02 

or, in the alternative. 

Petition to Suspend Rules Pursuant to 
35/U.S.C. §21 and 37 C.F.R. § 1.183 
to Accord Filing Date of January 12, 1996 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attn: Special Program Law Office 

Dear Sir: 

The Applicants request that the above-identified patent applicati n, 
which has been accorded a filing date of January 16, 1996, be accorded an earlier 
filing date of January 1 2, .1 996. The application was filed in accordance with 37 
C.F.R. §1.10 and 1.53(a) on January 12, 1996. 

If this request is denied, then the Applicants hereby petition to accord 
a filing date of January 12, 1996, pursuant to 37 C.F.R. §§ 1.6, 1.10, and 1.53, 
m p e p §506.02. ,ri thfi alternative, the Applicants petition to suspend the 
rules pursuant to 35 U.S.C. §21 and 37 C.F.R. §1.183, to Accord Filing Date of 
January 12, 1996. 



I Petition for Review of Refusal to Accord Filing Date Pursuant to 37 C.F.R. 

§§ 1.6, 1.10. 1.17(h) and 1.53. and M.P.E.P. S506.02 

A. Statement of Facts 

The above-identified patent application was filed in accordance with 
37 C.F.R. §1.53(a) on Friday, January 12, 1996, using the "Express Mail- 
procedures set forth in 37 C.F.R. §1.10. Copies of the Applicants' transmittal 
letter, specification cover sheet, and express mail mailing receipt are submitt d 
herewith as Exhibits 1, 2, and 3, respectively. The transmittal letter and 
specification cover sheet contain certificates of mailing in accordance with 37 
C.F.R. 51.10, dated January 12, 1996. 

On May 15. 1996, the Patent and Trademark Office mailed a Notice 
to File Missing Parts of Application - Filing Date Granted. (Exhibit 4.) However, 
the filing date on the Notice was Tuesday, January 16, 1996, instead of January 
12, 1996. 

B. Argument 

The Patent and Trademark Office has npj identified any defects in th 
application or certificates of mailing dated Friday. January 12, 1996. Friday. 
January 12, 1996, was noi a Saturday, Sunday, or Federal holiday. 1 Accordingly, 
under the rules promulgated by the Commissioner, the above-identified application 
properly should be considered as having been filed on January 12, 1996. See 37 
C.F.R. §1.10 (a). Correction of the filing date to January 12. 1996, is respectfully 
requested. 

II. Conditional Petition to Suspend Rules to Accord a Filing Date of January 12. 
1996 

If the foregoing petition is denied on the grounds that the 
Commissioner declared January 12. 1996. to be a "Federal holiday" as that term is 
used in 37 C.F.R. §1.10, then the Applicants hereby petition the Commissioner to 
suspend the rules pursuant to 37 C.F.R. §1.183, and to accord the present 
application a filing date of January 12. 1996. This petition has been filed 
following a telephone interview between the undersigned attorney and Examiner 



1 As set forth in M.P.E.P. §710.05. the Federal holidays are New Year Day, 
Martin Luther King's Birthday, Washington's Birthday, Memorial Day, Independence 
Day, Labor Day, Columbus Day, Veteran's Day, Thanksgiving Day, Christmas Day, 
and Inauguration Day. 



Nguyen concerning this matter on May 20, 1996, which interview the Applicants 
acknowledge with thanks. 

A. Statement of Facts 

The Applicants, through their attorneys at Marshall, O'Toole, Gerstein, 
Murray & Borun, prepared the above-identified application for filing on or befpr 
January 12, 1996, on the informed belief that a manuscript (authored by the 
Applicants and others) describing aspects of the invention would be published in 
The EMBO Journal, Volume 15, Number 2, on January 15, 1996 (Martin Luther 
King's Birthday, a Federal Holiday). The Application was filed on Friday, January 
12, 1996, using the "Express Mail" procedures set forth in 37 C.F.R. §1.10, as 
explained in detail in Section I above. (See Exhibits 1-3.) However, the application 
was accorded a filing date of January 1 6, 1996. (See Exhibit 4.) 

The Applicants intend to file at least one application directed to th 
subject matter of the present application in a foreign country, claiming the pri rity 
benefit of the present application under the Paris Convention. Most foreign 
countries are "absolute novelty" countries wherein a publication of an invention 
that is available to the public on January 1 5, 1 996, will bar patent protection to 
the invention based on an application having a priority date of January 1 6, 1 996. 

B. Argument 

The Applicants' reliance on the Express Mail procedures of 37 C.F.R. 
§1.10 for the present application, to obtain a filing date of January 12, 1996, was 
reasonable, because January 12, 1996, was not a Saturday, Sunday, or 
recognized Federal holiday. If January 1 2 was deemed a "Federal holiday" by the 
Commissioner, it was so deemed, without advance warning to the Applicants, due 
to an unscheduled and unforeseeable event adverse weather conditions in the 
District of Columbia. An apparent purpose of deeming such days to be "Federal 
holidays" is to protect applicants' patent rights, by allowing for the timely filing of 
papers or fees on the next succeeding business day. See M.P.E.P. §510. 
However, the effect of denying the present Applicants a filing date of January 1 2, 
1996, on the grounds of an unscheduled, weather-related "Federal holiday" being 
declared, may be to destroy the present Applicants' valuable patent rights in 
foreign countries. The Applicants submit that the foregoing unforeseeable 
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suspension of rules to accord the present application a filing date of January 1 2, 
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1996, to preserve the Applicants' foreign patent rights. The granting of such a 



filing date is not believed to contravene any requirements of the patent statutes. 
In fact, the granting of the January 12, 1996, filing date is submitted to be in 
complete harmony with the purpose and intent of 35 U.S.C. §21 and 37 C.F.R. 
§§1.6 and 1.10. 



application be accorded a filing date of January 12, 1996. The present petition is 
accompanied by a check for $130.00 in payment of the petition fee set forth in 37 
C.F.R. §1.1 7(h). The Commissioner is authorized to charge any necessary 
additional fees due in connection with this petition to deposit account No. 13- 
2855. A copy of this paper is enclosed. 



SUMMARY 



The Applicants respectfully request and petition that the present 



Respectfully submitted. 



Dated 





David A. Gass 
Registration No. 38, 1 53 



MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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Exhibit 1 

~ k PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Docket No: 281 1 3/33072 

PATENT APPLICATION TRANSMITTAL 

Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Transmitted herewith for filing is the patent application of 
tnventor(s): Kari Alitalo and Vladimir Joukov 
Title: "Receptor Ligand" 

1 . Type of Application 

This new application is for a 

B utility patent. 
□ design patent. 

2. Application Papers Enclosed 

1 Title Page 

49 Pages of Specification (excluding Claims. Abstract & Drawings) 

2 Pages of Claims 
1 Page of Abstract 

24 Sheets of Drawings (Figs. 1 to 18) 
□ Formal 
B Informal 

CERTIFICATI ON UNDER 37 CFR 1.10 

No. EG473137204US. 



David A. Gass 



Declaration or Oath 

□ Enclosed 

□ Executed by (check all applicable boxes) 
O Inventor(s) 

□ Legal representative of tnventor(s) 
(37 CFR 1.42 or 1.43) 

□ Joint inventor or person showing a proprietary interest on behalf of 
inventor who refused to sign or cannot be reached 

D The petition required by 37 CFR 1 .47 and the statement required 
by 37 CFR 1 .47 are enclosed. See Item 5D below for fee. 

H Not enclosed - the undersigned attorney or agent is authorized to file this 
application on behalf of the applicant(s). An executed declaration will follow. 

Additional Papers Enclosed 

□ Preliminary Amendment 

□ Information Disclosure Statement 

□ Declaration of Biological Deposit 

B Computer-readable copy of sequence listing containing nucleotide and/or amino 

acid sequence 

B Statement pursuant to 37 C.F.R. 5 1 .821 (f) 

□ Verified statement(s) claiming small entity status under 37 CFR 1 .9 and 1 .27 

□ Associate Power of Attorney 

O Verified translation of a non-English patent application 

□ An assignment of the invention 

□ Certified copy(ies) of application (s): 



COUNTRY 


APPLICATION NO. 


FILED 





















from which priority under 35 USC 1 1 9 is claimed □ is(are) attached. 

□ will follow. 

O Other 
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5. 



Fifing Fee Calculation (37 CFR 1.16) 
A. H Utility Application 



CLAIMS AS FILED - INCLUDING PRELIMINARY AMEND1N 


AENT (IF ANY) 








SMALL ENTITY 


OTHER TMJ 
EN 


&N A SMALL 
TTTY 




NO. FILED 


NO. EXTRA 


RATE 


FEE 


RATE 


FEE 


BASIC FEE 








$375.00 




$750.00 


TOTAL 


16-20 


« 0 


XII- 


$ 


X 22 - 


$ 


INDEP. 


3 -3 


- 0 


X 39 - 


$ 


X78 - 


$ 


O First Proserin 


ition of Multiple Dope 


ndont Claim 


+ 125 » 


$ 


+ 250 - 




Filing Fee: 


$ 


OR 


$750.00 



Filing Fee: $ _ 
Rling Fee: $ _ 



B. O Design Application ($1 50.00/S300.00) 

C. O Plant Application ($245.00/$490.00) 



D. Other Fees 

□ Recording Assignment [Fee - $40.00 per assignment 

□ Petition fee for filing by other than all the inventors 

or person on behalf of the inventor where inventor refused 
to sign or cannot be reached [Fee— $130,001 

□ Other 



Total Fees Enclosed $ 750.00 



Method of Payment of Fees 

63 Check in the amount of: $ 7$Q.QQ 

□ Charge Deposit Account No. 13-2855 in the amount of: $ 

A copy of this Transmittal is enclosed. 



□ Not enclosed 



7. Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or 
any additional fees which may be required during the pendency of this application under 
37 CFR 1 .16 or 37 CFR 1 .17 or under other applicable rules (except payment of issue fees), 
to Deposit Account No. 13-2855. A copy of this Transmittal is enclosed. 

Please refund any overpayment to Marshall. OToole. Gerstein, Murray & Borun at the address 
below. 

Please direct all future communications to David A. Gass at the address below. 

Respectfully submitted, 

MARSHALL, O'TOOLE. GERSTEIN. 

MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago. Illinois 60606-6402 
(312) 474-6300 

David A. Gass 
Reg. No: 38,153 



January 12. 1996 




OINT INVENTORS 



■EXPRESS MAIL" mailing label No. 
EG473137204US. 
Date of Deposit: January 12, 1996 



Exhibit 2 



I hereby certify that this paper (or fee) is being 
deposited with the United States Postal Service 
"EXPRESS MAIL POST OFFICE TO ADDRESSEE" 
service under 37 CFR §1.10 on the date 
indicated above and is addressed to: Assistant 
Commissioner for Patents, Washington, D.C. 
20231 



APPLICATION FOR 
UNITED STATES LETTERS PATENT 



SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

Be it known that we. Kari Alitalo. a citizen of Finland, residing at 
Nyyrikintie 4A. 02100 Espoo. Finland, and Vladimir Joukov, a citizen of Finland, 
residing at Topeliuksenkatu 32G8. 00290 Helsinki. Finland, have invented a 
new and useful "RECEPTOR UGAND". of which the following is a specification. 




David A. Gass 




Exhibit 3 



OST OFFICE TO ADDRESSEE EXPRESS mil 



RIG IN (POSTAL USE ONLY) 




FROM: (PLEASE PRINT) 

1^25113/36072 

;>i: '' i: "bATO^ : VU GASS v " ' - * 

HARSHALL, O'TOOLE, GERSTEIM, ; 
HURRAY & BORON 

6300 SEARS TPV^ v., c ; L C-:; ; . 

133 SOUTH WACKER DRIVE :.; - . 
. CHICAGO, ILLINOIS. 60606-«A02 . 



.Assist ant Conaissioner 

for Patents 
Washington, D.C. 20231 

:w niytrip &a- -. - • ; ^ . . ir* . 




IEL11-B It/93 



For Pickup or Tracking Call 1-800-222-1811 
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Exhibit A 

UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office - 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C 20231 



JKJNNUMBEH | RUNQOATE | RRST NAMED APFUCWT | ATTY. POCKET NO JTTTLE \ 

03/535,895 01/16/96 ALITALO K 23113/33072 

0272/051S /^^^E'VE 
DAVID A GASS mm.*, 
MARSHALL O ' TOOLE GERSTEIN MURRAY 2i BO RUN W/ " 2 0J995 

6300 SEARS TOWER <?l 

233 SOUTH WACKER DRIVE ^jrJ— *^SH/B3?j6'Tnrti 

CHICAGO IL 606Q6-64p& c fceted:--" *-*-MUUl,£ 

U DATE MAILED: 05/15/96 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

An Application Number and Filing Date have been assigned to this application. However, the items in dicated 
below are missing. The required items and fees identified below must be timely submitted ALONG WITH 

THE PAYMENT OF A SURCHARGE for items 1 and 3-6 only of $ /3U£* for large entities or 

$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in 

37 CFR 1.16(e). 

If all required items on this form are filed within the period t°tal am™ 01 owed by applicant as a ©l£rge 
entity, □ small entity (verified statement filed), is $ — £2^£. 



Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE 
PILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees 
required above to avoid abandonment Extensions of time may be obtained by filing a petition accompanied by the 
extension fee under the provisions of 37 CfK 1.136(a). 



The statutory basic filing fee is: □ missing □ insufficient Applicant as a □ large entity Q small 
entity, must submit $ to complete the basic filing fee. 

2. □ Additional «l*lm fees of $ as a □ large entity, □ small entity, including any 

required multiple dependent claim fee, are required. Applicant must submit the additional claim 
fees or cancel the additional claims for which fees are due. 

3. ©""fiie oath or declaration: 

OHsmissing. 

□ does not cover the newly submitted items. 

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date is required. 

4 O The oath or declaration does not identify the application to which it applies. An oath or declaration 
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required. 

6 □ The signatures) to the oath or declaration is/are: □ missing; O by a person other than the inventor 

or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required. 
6. Q The signature of the following joint inventor^) is missing from the oath or declaration: 

• An oath or declaration listing the names of all inventors and signed by 

the omitted inventory), identifying this application by the above Application Number and Filing 
Date, is required. 

7 □ The application was filed in a language other than English. Applicant must file a verified English 

traiismtionoftheappH<ationandafeeof$_^__under37CFR1.17(k) t unless this fee has 

already been paid. 

8. n A $ - processing fee is required since your check was returned without payment. 

(37CFRL21(m)). 

o q v«..r filing receint was mailed in error because your check was returned without payment • 

10. 0 The application does not comply with the Sequence Rules. See attached Notice to Comply with 
Sequence Rules 37 CFR L821-1.825. 

11. □ Other. 

Direct the response to Box Missing Part and refer any questions to the Customer Service Center 
at (703) 308-1202. 

A copy of this notice MUST be returned with the response. 

ATTORNEY'S/ APPLICANTS COPY 



J... 
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PATENT lC 
28113/33072 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE /Vl/Mffic? 



Applicants: Alitalo et al. 
Serial No: 08/585,895 
Filed: January 16, 1996 
Title: RECEPTOR LIGAND 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



o 



"EXPRESS MAIL" \/£z 
Mailing label No.: EM1 1 8663762US 

Date of Deposit: 

June 25 f 1996 ^ 

I hereby certify that this paper (bPfee) 
is being deposited with the UnitecE 
States Postal Service "EXPRESS - - "* 
MAIL POST OFFICE TO ADDRESSEE" - 
service under 37 CFR §1.10 on the 
date indicated above and. is addressed 
to the Assistant Commissioner for 
Patents, 

Washington, D.C., 20231. 
Mark Bonadonna 



Petition to Expedite Handling of Earlier Filed Petition 
Pursuant to 37 C.F.R. §§ 1.181-183 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attn: Petitions Office 

Dear Sir: 

On May 24, 1996, the Applicants filed a petition (the "Filing Date 
Petition") requesting that the above-identified patent application, which has been 
accorded a filing date of January 16, 1996, be accorded an earlier filing date f 
January 12, 1996. For the reasons set forth below, the Applicants request that 
the Filing Date Petition receive expedited handling. This request is accompanied by 
a check for $130 in payment of the petition fee. 



The Applicants request expedited handling for the purposes of 
international filings which will claim priority from the present application. 

A. Statement of Facts 

The Applicants, through their attorneys at Marshall, O'Tooie, Gerstein, 
Murray & Borun, prepared the above-identified application for filing on or before 
January 12,1 996, on the informed belief that a manuscript (authored by the 
Applicants and others) describing aspects of the invention would be published in 
The EMBO Journal, Volume 15, Number 2, on January 15, 1996 (Martin Luther 
King's Birthday, a Federal holiday). The Application was filed on Friday, January 
12, 1996, using the "Express Mail" procedures set forth in 37 C.F.R. 51.10. 
However, the application was accorded a filing date of the following Tuesday, 
January 16 f 1996. On May 24, 1996, promptly after receiving a Notice to File 
Missing Parts dated May 15, 1996, the Applicants filed the Filing Date Petition, 
setting forth reasons and facts why the present application should be accorded a 
filing date of January 12, 1996. 

The Applicants intend to file at least one application directed to the 
subject matter of the present application in a foreign country, claiming the priority 
benefit of the present application under the Paris Convention. Most foreign 
countries are "absolute novelty" countries wherein a publication of an invention 
that is available to the public on January 15, 1996, will bar patent protection to 
the invention based on an application having a priority date of January 16, 1996. 

The present application is a continuation-in-part of U.S. Patent 
Application Serial No. 08/510,133, filed August 1. 1995 . To obtain the priority 
benefit of both the parent application and the present application under the Paris 
Convention, the Applicants intend to file at least one foreign application on or 
before Auoust 1. 1996 . 

B. Argument 

The Applicants request an expedited decision on the Filing Date 
Petition to permit the Applicants to make an informed and accurate foreign filing 
that claims priority from the above-identified application. Specifically, the 
Applicants request that the Patent Office render its decision on the Ring Date 
Petition substantially in advance of the August 1, 1996. 

First, the decision on the Filing Date Petition will impact the accuracy 
of the Applicants' foreign filings. It is important to identify priority documents in 
foreign filings with particularity, e.g., by serial number and filing date. A decision 



on th Filing Date Petition in advance of the August 1, 1996, Paris Conventi n 
deadline will permit the Applicants to identify this priority application by its official 
filing date. 

Second, a decision on the Filing Date Petition, substantially in advance 
of the August 1, 1996, treaty deadline, will permit the Applicants to evaluate and 
properly claim the subject matter of their invention in foreign applications. As 
explained in the Filing Date petition, the effect of denying the present Applicants a 
filing date of January 12, 1996, may be to destroy the present Applicants' 
valuable patent rights in foreign countries. A decision on the Filing Date Petition 
substantially in advance of the August 1, 1996, deadline will permit the Applicants 
to properly evaluate the value of the present application as a priority document 
under the patent laws of "absolute novelty" countries. 

SUMMARY 

The Applicants respectfully request and petition that their earlier-filed 
petition (to accord the present application a filing date of January 12, 1996) be 
handled expeditiously, such that a decision is rendered substantially in advance of 
August 1, 1996. The present petition is accompanied by a check for $130.00 in 
payment of the petition fee set forth in 37 C.F.R. 51.17(h). The Commissioner is 
authorized to charge any necessary additional fees due in connection with this 
petition to deposit account No. 13-2855. A copy of this paper is enclosed. 

Respectfully submitted. 



Dated: cA^Ol/A'C / ^/g 

David A. Gass 
Registration No. 38,153 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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PATENT 
28113/33072 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Alitalo et al. 

Serial No: 08/585,895 



Filed: January 1 6, 1996 
Title: RECEPTOR LIGAND 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



"EXPRESS MAIL" 
Mailing label No.: EM1 1 8663762US 



Date of Deposit: 
June 25, 1996 

I hereby certify that this paper (or fee) 
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Petition to Expedite Handling of Earlier Filed Petition 
Pursuant to 37 C.F.R. §§ 1.181-183 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attn: Petitions Office 

Dear Sir: 

On May 24, 1996, the Applicants filed a petition (the "Filing Date 
Petition") requesting that the above-identified patent application, which has b en 
accorded a filing date of January 16, 1996, be accorded an earlier filing date of 
January 12, 1996. For the reasons set forth below, the Applicants request that 
the Filing Date Petition receive expedited handling. This request is accompanied by 
a check for $130 in payment of the petition fee. 



The Applicants request expedited handling for th purp ses of 
international filings which will claim priority from the present application. 

A. Statement of Facts 

The Applicants, through their attorneys at Marshall, O 'Toole, Gerstein, 
Murray &. Borun, prepared the above-identified application for filing on or befor 
January 1 2, 1 996, on the informed belief that a manuscript (authored by the 
Applicants and others) describing aspects of the invention would be published in 
The EMBO Journal, Volume 15, Number 2, on January 15, 1996 (Martin Luther 
King's Birthday, a Federal holiday). The Application was filed on Friday, January 
12, 1996, using the "Express Mail" procedures set forth in 37 C.F.R. 51.10. 
However, the application was accorded a filing date of the following Tuesday, 
January 16, 1996. On May 24, 1996, promptly after receiving a Notice to File 
Missing Parts dated May 15, 1996, the Applicants filed the Filing Date Petition, 
setting forth reasons and facts why the present application should be accorded a 
filing date of January 12, 1996. 

The Applicants intend to file at least one application directed to the 
subject matter of the present application in a foreign country* claiming the priority 
benefit of the present application under the Paris Convention. Most foreign 
countries are "absolute novelty" countries wherein a publication of an invention 
that is available to the public on January 15, 1996, will bar patent protection t 
the invention based on an application having a priority date of January 16, 1996. 

The present application is a continuation-in-part of U.S. Patent 
Application Serial No. 08/510,133, filed August 1. 1995 . To obtain the priority 
benefit of both the parent application and the present application under the Paris 
Convention, the Applicants intend to file at least one foreign application on or 
before August 1. 1996 . 

B. Argument 

The Applicants request an expedited decision on the Filing Date 
Petition to permit the Applicants to make an informed and accurate foreign filing 
that claims priority from the above-identified application. Specifically, the 
Applicants request that the Patent Office render its decision on the Filing Date 
Petition substantially in advance of the August 1, 1996. 

First, the decision on the Filing Date Petition will impact the accuracy 
of the Applicants' foreign filings. It is important to identify priority documents in 
foreign filings with particularity, e.g., by serial number and filing date . A decision 



on the Filing Date Petition in advance of the August 1, 1996 f Paris Convention 
deadline will permit the Applicants to identify this priority application by its official 

filing date- 
Second, a decision on the Filing Date Petition, substantially in advance 
of the August 1, 1996, treaty deadline, will permit the Applicants to evaluate and 
properly claim the subject matter of their invention in foreign applications. As 
explained in the Filing Date petition, the effect of denying the present Applicants a 
filing date of January 12, 1996, may be to destroy the present Applicants' 
valuable patent rights in foreign countries. A decision on the Filing Date Petiti n 
substantially in advance of the August 1, 1996, deadline will permit the Applicants 
to properly evaluate the value of the present application as a priority document 
under the patent laws of "absolute novelty" countries. 

SUMMARY 

The Applicants respectfully request and petition that their earlier-filed 
petition (to accord the present application a filing date of January 12, 1996) be 
handled.expeditiously, such that a decision is rendered substantially in advance of 
August 1, 1996. The present petition is accompanied by a check for $130.00 in 
payment of the petition fee set forth in 37 C.F.R. 51-1 7(h). The Commissioner is 
authorized to charge any necessary additional fees due in connection with this 
petition to deposit account No. 13-2855. A copy of this paper is enclosed. 

Respectfully submitted. 



Dated: Ow*. 1 *1% -^EZ^^st&MaM 

David A. Gass 
Registration No. 38,153 

MARSHALL, OTOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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Dear Sir: 

On May 24, 1996, the Applicants filed a petition (the "Filing Date 
Petition") requesting that the above-identified patent application, which has been 
accorded a filing date of January 16, 1996, be accorded an earlier filing date of 
January 1 2, 1996. For the reasons set forth below, the Applicants request that 
the Filing Date Petition receive expedited handling. This request is accompanied by 
a check for $130 in payment of the petition fee. 



Jul. 17.1996 9:54AM MAR> U *LL 0 TOOLE 



Ho. mb r. S/\ 
From: 0808 



The Applicants request expedited handling f r the purposes of 
international filings which will claim priority from the present applicati n. 

A- Statement of Facts 

The Applicants, through their attorneys at Marshall, O'Toole, Gerstein, 
Murray & Borun. prepared the above-identified application for filing on or before 
January 12. 1996. on the informed belief that a manuscript (authored by the 
Applicants and others) describing aspects of the invention would be published in 
The EMBO Journal, Volume 15, Number 2. on January 15. 1996 (Martin Luther 
King's Birthday, a Federal holiday). The Application was filed on Friday, January 
12, 1996, using the "Express Mair procedures set forth in 37 C.F.FL §1.10. 
However, the application was accorded a filing date of the following Tuesday. 
January 16. 1996. On May 24, 1996. promptly after receiving a Notice to File 
Missing Parts dated May 15. 1996, the Applicants filed the Filing Date Petition, 
setting forth reasons and facts why the present application should be accorded a 
filing date of January 12. 1996. 

The Applicants intend to file at least one application directed to the 
subject matter of the present application in a foreign country, claiming the priority 
benefit of the present application under the Paris Convention. Most foreign 
countries are "absolute novelty" countries wherein a publication of an invention 
that is- available to the public on January 15, 1996. will bar patent protection to 
the invention based on an application having a priority date of January 16, 1996. 

The present application is a continuation-in-part of U.S. Patent 
Application Serial No. 08/510,133, filed August 1, 1995. To obtain the priority 
benefit of both the parent application and the present application under the Paris 
Convention, the Applicants intend to file at least one foreign application on or 
before Au gust 1. 1996 . 



B. Argument 

The Applicants request an expedited decision on the Filing Date 
Petition to permit the Applicants to make an informed and accurate foreign filing 
that claims priority from the above-identified application. Specifically, the 
Applicants request that the Patent Office render its decision on the Ring Date 
Petition substantially in advance of the August 1, 1996. 

First, the decision on the Filing Date Petition will impact the accuracy 
of the Applicants' foreign filings. It is important to identify priority documents in 
foreign filings with particularity, e.g.. by serial number and filinq date . A decision 
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on the Filing Date Petition in advance of the August 1, 1996, Paris Convention 
deadline will permit the Applicants to identify this priority application by its official 
filing date. 

Second, a decision on the Filing Date Petition, substantially in advance 
of the August 1, 1996, treaty deadline, will permit the Applicants to evaluate and 
properly claim the subject matter of their invention in foreign applications. As 
explained in the Filing Date petition, the effect of denying the present Applicants a 
filing date of January 12, 1996, may be to destroy the present Applicants* 
valuable patent rights in foreign countries. A decision on the Filing Date PetirJ n 
substantially in advance of the August 1 , 1 996, deadline will permit the Applicants 
to properly evaluate the value of the present application as a priority document 
under the patent laws of "absolute novelty" countries. 

SUMMARY 

The Applicants respectfully request and petition that their earlier-filed 
petition (to accord the present application a filing date of January 12, 1996) be 
handled expeditiously, such that a decision is rendered substantially in advance of 
August 1, 1996. The present petition is accompanied by a check for $130.00 in 
payment of the petition fee set forth in 37 C.F.R. 51.17(h). The Commissioner is 
authorized to charge any necessary additional fees due in connection with this 
petition to deposit account No. 13-2855. A copy of this paper is enclosed. 



Respectfully submitted, 



Dated: l C ,% ^Sh^^^L^T. 

David A. Gass 
Registration No. 38, 1 53 

MARSHALL, OTOOLE, GERSTEIN. 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312) 474-6300 
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DECISION GRANTING PETITION 



In re Application of 
Alitalo et al. , _ nnc 
Application No. 08/585,895 
Filed: January 12, 1996 
Attorney Docket No. 28113/33072 

This is a decision on the petition filed 24, 1996 made 
special by the petition filed "Express mil" June 25, 1996 
fcoov of the July 25, 1996 petition sent July 17, 1996, W 
fac^mile transmission in response to a telephone ccxr^cation 
^ "irHeitbrink, of the Office of Petitions) , ^eouest^g that 
Ehe above-identified application be accorded a filing date of 
January 12, 1996. 

The application, which is a continuation-in-part application 
under P 37 1.53, was deposited in Express Mail service on 
January 12, 1996,. which «as a Friday. Hie Egress ^l^* - 
number was placed oh the papers. However, Federal and District of 
SoSirgoverr^ent offices? including the Patent and T^adernark 
Of f ice (Of f ice) , were officially closed for the entire day on 
jSSSy 12, 1996, as a result of adverse weather conditions. 
Under such conditions, the Of f ice < considers that day as a 
"federal holiday within the District of Columbia" under 35 U.S.C. 
2lfS 1183 TO60 and notice entitled "Filing Of Papers During 
Unscheduled Closings Of The Patent and Trademark Office , 
originally published at 1097 OG 53, reprinted at 1158 OG 8 
(copies enclosed) . 

In accordance with Office procedure the present .^lication_ was 
accorded a filing date of Tuesday, January 16, 1996, the next 
business day following the date of deposit in Express Mail 
service. The fact that no papers are received or stamped on 
Saturdays, Sundays or Federal holidays within the District ot 
Columbia and the handling of Express Mail / in such cases is 
clearly sec ouc in j/ ur«. 1.6 (cl; aihl 1 . 10 («., . 

Of course, "in an extraordinary situation, where justice 
requires" the Commissioner may waive or suspend *na 
accord this application a January 12, 1996 filing date pursuant 
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to 37 CFR 1.183. In this case, petitioners request waiver of the 
rules under 37 CFR 1.183 based on the need to protect applicants 1 
patent rights in foreign countries. 

Under the circumstances of this particular case, it is deemed 
Sproprilte to waive the rules pursuant to 37 CFR 1 183 in order 
to accord the application a filing date of January 12, 1996. 

The petition under 37 CFR 1.183 is granted. 

Receipt is acknowledged of the combined declaration and power of 
attorney filed April 1, 1996. 

The application is being returned to Application Processing 
Division for further processing with a filing date of January 12, 
1996. 

Any inquiries related to this decision should be directed to Tim 
Heitbrink at (703) 308-6713, or if not available, to the 
undersigned at (703) 305-9282. 





F. Gonzales ^ 

Senior Legal Advisor 
Special Program Law Office 
Office of the Deputy Assistant Commissioner 
for Patent Policy and Projects 

twh 

Enclosure: 1183 OG 60 
1158 OG 8 
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"" being deposited with the United 

Serial No: 08/585, 895/0 x " ^\) States Postal Service with sufficient 

postage as first class mail in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C., 20231 on this 
date: 



Filed: January 12, 1i 
Title: RECEPTOR LIGANr*. 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 




Date: 



David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

The Applicants respectfully request entry of this Preliminary 
Amendment prior to examination of the above-identified application on the merits 
by the Patent and Trademark Office. 



AMENDMENTS 

In the Specification : 

At page 1. line 3. after "August 1, 1995.", please insert - This 
application is also a continuation-in-part of U.S. Patent Application Serial No. 
08/340,011, filed November 14. 1994.- 



REMARKS 

The specification has been amended herein to claim priority from an 
earlier-filed U.S. application. This amendment is accompanied by a supplemental 
inventors' declaration which acknowledges this priority claim. 



Respectfully submitted. 



Dated: 




David A. Gass 
Registration No. 38,153 



MARSHALL. O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 



- 2 - 



V 



/.• 

PATENT APPI JCATTON 

2SU3/33072 % 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Application of: Alitalo, Kari 
and Joukov, Vladimir 
Serial No.: 08/585,895 

Filed: Jauary 12, 1996 
For: "Receptor Ligand" 
Group Art Unit: 1806 

Examiner: To be determined 



I hereby certify that this paper and 
the documents referred to as enclosed 
herewith are being deposited with the 
United States Postal Service as First 
Class Mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, DC 20231, on this date: 

October 14, 1996 

David A. Gass 
Reg. No.: 38,153 
Attorney for Applicants 



INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. gg 1.56. 1.97. AND 1,98 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir ' * 

The Applicants request that the documents listed on the attached Form PTO- 
1449 be made of official record in the above-identified application. A copy of each listed 
document is enclosed herewith. 

This Information Disclosure Statement is not intended to be an admission that 
a search has been made, that other relevant art does not exist, or that any of the information 
disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt of a first 
Office action on the merits, and consequently should be considered by the Patent Office 
without payment of a fee. See 37 C.F.R. § 1.97(b). However, please charge any necessary 
fees due in connection with this Information Disclosure Statement to Deposit Account No. 
13-2855. A copy of this paper is enclosed herewith. 



Respectfully submitted, 

MARSHALL, O 'TOOLE, GERSTEIN, 
MURRAY & BORUN 



October 14, 1996 By: -^L-^'tSU**' ^Z5fZ&& 

David A. Gass 
Registration No.: 38,153 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 
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and Joukov, Vladimir 
Serial No.: 08/585,895 

Filed: Jauary 12, 1996 
For "Receptor ligand" 
Group Art Unit: 1806 

Examiner: To be determined 



I hereby certify that this paper and 
the documents referred to as enclosed 
herewith are being deposited with the 
United States Postal Service as First 
Class Mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, DC 20231, on this date: 

October 14, 1996 

David A. Gass 
Reg. No.: 38,153 
Attorney for Applicants 



INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. SS 1.56. 1.97. AND I PS 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sin 

The Applicants request that the documents listed on the attached Form PTO- 
1449 be made of official record in the above-identified application. A copy of each listed 
document is enclosed herewith. 

This Information Disclosure Statement is not intended to be an admission that 
a search has been made, that other relevant art does not exist, or that any of the information 
disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt of a first 
Office action on the merits, and consequently should be considered by the Patent Office 
without payment of a fee. See 37 C.F.R. §1.97(b). However, please charge any necessary 
fees due in connection with this Information Disclosure Statement to Deposit Account No. 
13-2855. A copy of this paper is enclosed herewith. 



Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTHN, 
MURRAY & BORUN 



October 14, 1996 




David A. Gass 
Registration No.: 38,153 
6300 Sears Tower 
233 South Wacker Driv 
Chicago, Illinois 60606-6402 
(312) 474-6300 




UNITED STATE! APARTMENT OF COMMERCE 
Patent and Tradut/iark Office 

Address: CQMMSSONEH OF PATENT'S AND TRADEMARKS 
Washington, D.CL 20231 



APPUCATWN NIWBE* 



FIRST NAMED APPUCANT 



ATTORNEY DOCKET NO. 
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DATE MAILED: 



TWs is a communication from the examiner In charge of your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 

OFFICE ACTION SUMMARY 

□ Responsive to communication(s) filed on 



1 l./25/S'£> 



;e 



□ This action is FINAL. 

□ Since this application is in condition for allowance except for formal matters prosecution as to the merits Is closed in 
accordance with the practice under Ex parte Quayte. 1935 D.C. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire O ^i 1 ? 1 ^'^!?'^-?^ 

^ tonaer from i we mailingdate of this communication. Failure to respond within the penod for fes^m^m^G 
^iffi^^^ (35 U.S.C. § 133). Extensions of time may be obtained under the protons of 37 CFR 

1.136(a). 
Disposition of Claims 

S Claims) '-'L — " b ' are Pend ' n9 fa *" a PP liCaU0n - 

Of the above. daimfc) : • is/are withdrawn ,rom «" sideralion - 

— . . , t _ is/are allowed. 

□ Ctaim(s) — ■ : 

n . , , Is/are rejected. 

□ Ctaim(s) _ — 

r—, , , is/are objected to. 

□ Claim(s)_ . — . 1 

E3 Claims /— {4> _ _ are subject to restriction or election requirement 

Application Papers 

□ See the attached Notice of Draftsperson's Patent Drawing Review. PTO-948. 

□ The drawing(s) filed on \ ; . ^re objected to by the Examiner. 

□ The proposed drawing correction, filed on * □ «PP roved □ disapproved. 

□ The specification is objected to by the Examiner. 

□ The oath or declaration is objected to by the Examiner, 
priority under 35 U.S.C. §119 

□ Acknowledgement Is made of a daim for foreign priority under 35 U.S.C. § 119(aHd)- 

□ AJI □ Some* □ None of the CERTIFIED copies of the priority documents have been 
D received. 

□ received in Application No. (Series Code/Serial Number) _ — • 

□ received in this national stage application from the International Bureau (PCX Rule 17.2(a)). 
'Certified copies not received: 



□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 
Attachment's) 

□ Notice of Reference Cited. PTO-892 

□ Information Disclosure Statement^), PTO-1449. Paper No(s). _ 

O Interview Summary, PTO-413 

□ Notice of Draftsperson's Patent Drawing Review, PTO-948 

□ Notice of Informal Patent Application. PTO-152 
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DETAILED ACTION 



Election/Restriction 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1 , 2, 8-10, 12, and 1 6, drawn to a ligand for the FU4 receptor and 
- compositions comprising the same, classified in class 530, subclass 399. 

II. Claims 3-7, 1 1, and 1 3, drawn to nucleic acids encoding a ligand for the Flt4 
receptor and vectors and host cells comprising the same, classified in class 536, 
subclass 23.51. 

HI. Claims 14-15, drawn to an antibody specifically reactive to a ligand for the Flt4 
receptor, classified in class 530, subclass 387.1. 

2. The inventions are distinct, each from the other because of the following reasons: 

3. The protein of Group I is a patentably distinct chemical species from the nucleic acids of 
Group n, although related as the nucleic acids encode the protein. The protein can be made 
without recourse to the nucleic acids by the materially distinct process of biochemical 
purification from tissue or serum, and the nucleic acids have separate utility as probes for 
screening expression libraries. 

4. The protein of Group I is a patentably distinct chemical species from the antibody of 
Group m, although related as the antibody can bind the protein. The antibody can cross-react 
with other proteins, and other antibodies can cross-react with the protein. The protein can be 



Serial Number: 08/585895 J 
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made without recourse to the antibody by the materially distinct process of biochemical 
purification from tissue or serum, and the protein has separate utility as a therapeutic agent. 

5. The antibodies of Group m are patentably distinct from the nucleic acids of Group n, 
although related as the antibodies may be raised against proteins encoded by the nucleic acids: 
The inventions have distinct chemical compositions and distinct functions. The nucleic acids are 
not required to make the antibodies, which may be raised against proteins made without 
recombinant expression. The nucleic acids have separate utility as probes, for example. 

6. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by their different classification, restriction for examination 
purposes as indicated is proper. 

7. A telephone call was made to David Gass on 14 November 1996 to request an oral 
election to the above restriction requirement, but did not result in an election being made. 

Applicant is advised that the response to this requirement to be complete must include an 
election of the invention to be examined even though the requirement be traversed (37 
CFR 1.143). 

8. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the currendy 
named inventors is no longer an inventor of at least one claim remaining in the application. Any 
amendment of inventorship must be accompanied by a diligently-filed petition under 37 

CFR 1.48(b) and by the fee required under 37 CFR 1.17(h). 



Serial Number 08/585895 4 
Art Unit: 1801 

Conclusion 

9. Any inquiry concerning this communication from the examiner should be directed to 
Brian Lathrop, whose phone number is (703) 305-5679. The examiner can normally be reached 
Monday through Friday from 8:30 AM to 5:00 PM, 

The examiner will attempt to respond to voice messages within 24 hours. Alternately, the 
examiner's supervisor, Vasu Jagannathan, can be reached at (703) 306-2777. The FAX number 
for Art Unit 1801 is (703) 305-7401. 

An inquiry of a general nature relating to the status of this application should be directed 
to the Group 1800 receptionist whose telephone number is (703) 308-0196. 

Brian K. Lathrop, Ph.D. 
Art Unit 1801 




Sb< : 



PATENT 
28113/33072 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants: Alitaio et al. 



Serial No: 08/585,895 
Filed: January 12, 1996 
Title: RECEPTOR LIGAND 
Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



I hereby certify that this paper is 
being deposited with the United 
States Postal Service with sufficient 
postage as first class mail in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C., 20231 on this 
date: 



Date: 



^Ad- 



David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

The Applicants respectfully request entry of this Preliminary 
Amendment prior to examination of the above-identified application on the merits 
by the Patent and Trademark Office. 



G- 

fre-l 



AMENDMENTS 

In the Specification : 

At page 1 , line 3, after/" August 1 , 1995.". pleasejrtsec 



application lisjjIsojM^Uinj^ U.S. Patent Application Serial No. 

08/34U, UTTrfUedNovembe?T4rl 994.--^ 



REMARKS 

The specification has been amended herein to claim priority from an 
earlier-filed U.S. application. This amendment is accompanied by a supplemental 
inventors' declaration which acknowledges this priority claim. 



Respectfully submitted, 



^^c4 

David A. Gass 
Registration No. 38,153 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 



Dated: AutjirJ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 

Alitalo et al. 

Serial No: 08/585,895 

Filed: January 12, 1996 



Title: Receptor Ligand 

Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



TRANSMITTAL LETTER 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Transmitted herewith are a Preliminary Amendment and an executed Inventors' Declaration for 
the above application. 



CERTIFICATE OF MA ILING 137 CFR 1.8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first class mail, postage prepaid, on August 12. 1996, in an 
envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231 . 



David A. Gass 



1. 



Small Entity Status 



□ Verified statement(s) claiming small entity status is(are) attached. 

□ Small entity status has been established and is still effective. 
H Has not been established. 



2. Deposit Account and Refund Authorization 

/ 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or any 
additional fees which may be required during the pendency of this application under 37 CFR 
1 .1 6 or 1 .1 7 to Deposit Account No. 1 3-2855. A copy of this Transmittal is enclosed. 

Please refund any overpayment to Marshall, O'Toole. Gerstein, Murray & Bo run at the address 
below. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN. 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive . . 
Chicago, Illinois 60606-6402 
- - (312)474-6300 




David A. Gass 
Reg. No: 38,153 
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Serial No: 08/585,895 

Filed: January 12, 1996 



Title: Receptor Ligand 

Group Art Unit: Not yet assigned 
Examiner: Not yet assigned 



TRANSMITTAL LETTER 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Transmitted herewith are a Preliminary Amendment and an executed Inventors' Declaration for 
the above application. 



CERTIFICATE OF MAILING (37 CFR 1 .8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first class mail, postage prepaid, on August 12. 1996, in an 
envelope addressed to the Assistant Commissioner for Patents. Washington, O.C. 20231. . . 




David A. Gass 



1. 



Small Entity Status 



□ Verified statement(s) claiming small entity status is(are) attached. 

□ Small entity status has been established and is still effective. 
B Has not been established. 



2. Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or any 
additional fees which may be required during the pendency of this application under 37 CFR 
1 .1 6 or 1 .1 7 to Deposit Account No. 1 3-2855. A copy of this Transmittal is enclosed. 

Please refund any overpayment to Marshall, O 'Toole, Gerstein, Murray & Borun at the address 
below. 



Respectfully submitted, 

MARSHALL, O'TOOLE. GERSTEIN. 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 



; — > 



Date: !- ' * i 



By: 



David A. 
Reg. No: 



Gass 
38.153 
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Atty. Docket No: 28113/33072 

N FOR PATENT APPLICATION AND POWER OF ATTORNEY 

As a be^naiSoU mveggX I hereby declare that my residence, post office address and citizenship are as stated below next 
to my name- I beU&feaat3- , a^§to original , first and joint inventor of the subject matter which is claimed and for which a patent is 
sought on the mventic^Mfie^RECEPTOR LIGAND,' the specification of which was filed as Application Serial No. 08/585,895. 
I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended 
by an amendment attached hereto. I acknowledge the duty to disclose to the Patent and Trademark Office all information known to 
me to be material to patentability as defined in 37 C.F.R. §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. $119 of any foreign appUcation(s) for patent or inventor's certificate 
or of any PCT international application^) designating at least one country other than the United States of America listed below and 
have also identified below any foreign applications) for patent or inventor's certificate or any PCT international application^) 
designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 

before that of the application^) of which priority is claimed: i 

Priority Claimed 
□ a 



(Application Serial Number) 



Finln 



11 V-U-nry 



(Country) 



(Day/Momh/Year Filed) 



I hereby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application(s) listed below: 



(Application Serial Number) (Day/Momh/Year Hied) 

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application^) 
designating the United States of America listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112. I acknowledge the duty 
to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred 
between the filing date'of the prior application^) and the national or PCT international filing date of this application: 



r)8n40,nii 

(Application SerUI Number) 



1A Mnv^m^r 1 QQ4. 



Pending 



(Diy/Month/Year Filed) 

ni August i<m 



(Status-Patented. Pending or Abandoned) 
Pending 



(Application Serial Number) 



pay/Month/Year Filed) 



(Statu a- Patented, Pending or Abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

POWER OF ATTORNEY: I hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith: 



Ahrin D. Shulman (19,412) 
Donald I. Brott (19.490) 
Owen J. Murray (22.1 1 1) 
Allen H. Oerstein (22,218) 
Nate F. Scarpetfi (22,320) 
Edward M. OToole (22,477) 
Michael F. Borun (25,447) 



Trevor B. Joike (25.542) 
Timothy J. Vexeau (26,348) 
Carl E. Moore. Jr. (26,487) 
Richard H. Anderaon (26426) 
Patrick D. End (26,877) 
Jamea P. ZeBer (28,491) 
William E. McCrackcn (30,195) 



Richard A. Schnurr (30,890) 
Anthony Nunmo (30,920) 
Christine A. Dudiik 01,245) 
Kevin D. Hogg01.S39) 
Jeffrey S. Sharp 
Donald J. Pochopicn (32.167) 
Martin J. Hirsch (32,237) 



James J. Napofi (32^61) 
Richard M. La Barge (32,254) 
Jeffry W. Smith (33,455) 
Douglass C. Hochstetle* (33,710) 
Cynthia L. SchaOer (34,245) 
Robert M. Oerstein 0*4,824) 
David A. Oaia (38.153) 



Send correspondence to: David A. Gass 
FIRM NAME PHONE NO. STREET 

Marshall. OToole. Oerstein, 6300 Sears Tower 



CITY A STATE ZIP CODE 



Full Name of First or Sole Inventor 
Kari Alitalo 


Citizenship 
Finland 


Residence Address - Street 


Post Office Address - Street 


NyynKintie 4A 


Same 


City (Zip) 

02100 Espoo. 


City (Zip) 
Same 


State or Country — — 

FINLAND +nX 


State or Country i 

Same / . < /-n 




Signature / / \ I J 

See reverse tor relevant rules ot statutes 



V 



Second Joint Inventor. if.*ny . 

Vladimir Joukov 


Citizenship tl i 

Russia | " 


Residence Address - Street 

Topeliukscnkatu 32G3 


Post Office Addres* - Street 

Same P"^ 


City (Zip) 

00290 Helsinki-. 


City (Zip) j ; 
Same ft A 


SUto or Country 
FINLAND 


State or Country U 






• — g 1 — 
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69652 U.S. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Application of: 

AHtalo et al. 
Serial No.: 08/585,895 
Filed: January 12, 1996 
For: "Receptor Ligand" 
Group Art Unit: 1 801 
Examiner: Lathrop, B. 



I hereby certify that this paper and the 
documents referred to as enclosed 
herewith are being deposited with th 
United States Postal Service as First 
Class Mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, Washington. 
DC 20231, on this date: 

Date: 



David A. Gass 
Reg. No.: 38,153 
Attorney for Applicant 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT #5^ 

PURSUANT TO 37 C.F.R. §§ 1.56, 1.97. AND 1.98 ^OpT/i 

Assistant Commissioner for Patents — u 

Washington, D.C. 20231 



S3D 



Sir: 



The Applicants request that the documents listed on the attached 
Form PTO-1449 be made of official record in the above-identified application. A 
copy of the listed documents are enclosed herewith. 

This Information Disclosure Statement is not intended to be an 
admission that a search has been made, that other relevant art does not exist, 
or that any of the information disclosed herein constitutes prior art under 35 
U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt 
of a first Office action on the merits, and consequently should be considered by 



the Patent Office without payment of a fee. See 37 C.F.R. § 1.97(b). However, 



please charge any necessary fees due in connection with this Information 
Disclosure Statement to Deposit Account No. 13-2855. A copy of this paper is 
enclosed herewith. 

Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN. 
MURRAY & BORUN 

Date: 

David A. Gass 

Registration No.: 38,153 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312)474-6300 
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Commissioner for Patents, Washington, 
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Reg. No.: 38,153" 
Attorney for Applicant 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The Applicants request that the documents listed on the attached 
Form PTO-1449 be made of official record in the above-identified application. A 
copy of the listed documents are enclosed herewith. 

This Information Disclosure Statement is not intended to be an 
admission that a search has been made, that other relevant art does not exist, 
or that any of the information disclosed herein constitutes prior art under 35 

U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt 
of a first Office action on the merits, and consequently should be considered by 



the Patent Office without payment of a fee. See 37 C.F.R. § 1.97(b). However, 
please charge any necessary fees due in connection with this Information 
Disclosure Statement to Deposit Account No. 13-2855. A copy of this paper is 
enclosed herewith. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN. 
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David A. Gass 
Reg. No.: 38,153 
Attorney for Applicant 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT- - % • r . 
PURSUANT TO 37 C.F.R. §§ 1.56, 1.97, AND 1.98 r ■ 
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Assistant Commissioner for Patents »- ■ ' . ** 

Washington, D.C. 20231 C 

Sir: , 

The Applicants request that the documents listed on the attached 
Form PTO-1449 be made of official record in the above-identified application. A 
copy of each listed document is enclosed herewith. 

This Information Disclosure Statement is not intended to be an 
admission that a search has been made, that other relevant art does not exist, 
or that any of the information disclosed herein constitutes prior art under 35 
U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt 
of a first Office action on the merits, and- consequently should be considered by 



the Patent Office without payment of a fee. See 37 C.F.R. S 1.97(b). However, 
please charge any necessary fees due in connection with this Information 
Disclosure Statement to Deposit Account No. 13-2855. A copy of this paper is 
enclosed herewith. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 

Date: W X*. ft? ? By: JE^^*^/^ 7 cr%£lA* 

David A. Gass 
Registration No.: 38,153 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312)474-6300 
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David A. Gass 
Registration No.: 38,153 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312)474-6300 



-2- 



(Hi'" 






/ 



tpAYEN 

THE UNITED STATES PATENT AND TRADEMARK OFFICE ttf 



In re Application of: 
Alitalo et at. 
Serial No. 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR LIGAND 
Art Unit: 1801 
Examiner: Lathrop, B. 



I hereby certify that this paper is 
being deposited with the United 
States Postal Service as first class 
mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C. 20231, on this 
date: 

Dated:_£iZ. 



David A. Gass 



AMENDMENT AND ELECTION IN RESPONSE TO RESTRICTION REQ UIREMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

In an official communication dated November 25, 1996. the U.S. 
Patent and Trademark Office issued a restriction requirement in the above- 
identified patent application, and set a 30 day period for response. This 
amendment and election in response to the restriction requirement has been 
timely filed with a petition for one month extension of time and petition fee, 
extending the time for response until January 25, 1 997. 



O 



AMENDMENTS 

In the claims : 

Please cancel claims 2, 8-1 O, 12, and 14-16 without prejudice; 
amend claims 1, 3 f 5, 11, and 13; and add new claims 17-25 to the application 
as shown below. 



' syjf^ ^' ^ menc * ea ^ ^ p^nfied and isolated polynucleotide encoding a 

^polypeptide which specifically binds to the Flt4 receptor tyrosine kinase. 



3. (Amended) A purified^and isolated nucleic acid encoding a 
Q/jJ^ P°°^ WDeDt ^ e navjnq tne am ' no acid sequence shown in SEQ ID NO: 33. [the 
^ peptide according to claim 2.] ^ 



^ 5*^/^ 5 (Amended) A vector comprising the nucleic acid according to 

'claim 3 [4J. 




\ 

A puriVii 



1 1 . (Amended) A purified and isolated nucleic acid according to 
aim 1 9 wherein said polypeptide comprises approximately amino acids 1 to 



Qyf 120 of SEQ ID NO: 33. [encoding the fi gment of claim 10.] 



13. (Amended) A purified and isolated nucleic acid according to 
claim 1 9 wherein said polypeptide composes approximately amino acids 1 to 



180 of SEQ ID NO: 33. [encoding the fragment of claim 12.1 



im^e 



-17. A host celjttrai 
:Iaim 5. tT^ 



ransformed or transfected with a vector 

according to claim ! 



z 1 8. A purified and isolatedsnucleic acid comprising a nucleotid 
sequence that encodes a polypeptide capabje^of binding to an Flt4 receptor 
— ^tyrosine kinase, said polypeptide having an ^nrino acid sequence comprising a 
portion of the amino acid sequence shown in SEQ ID NO: 33, said portion 
encoding a polypeptide capable of binding to an Ftt4 receptor tyrosine kinas . 
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19. A purifiedandjsxilated-iiuUuiu dUU dccordmg to claim 13 7 
wherein saidpoJypSptideis capable of stimulating tyrosine phosphorylation f 
FUA-re€ u p l o r ty rosine-kinase^ 

20. A purified and isolat^djiucleic acid according to claim 19 
wherein said polypeptide has an apparent-molecular weight of about 23 kd as 
assessed by SDS polyacrylamide ge! electrophoresis under reducing conditions. 

21. A purified and isolated nucleic acid according to claim 19 
wherein said polypeptide comprises an amino-terminal amino acid sequence set 
forth in SEQ ID NO: 13. 

22. A purified and isolated nucleic acid according to claim 21 
wherein said polypeptide comprises approximately 1 20 amino acids. 

23. A purified and isolated nucleic acid according to claim 1 8 
wherein said polypeptide has an apparent molecular weight of about 32 kDa as 
assessed by SDS polyacrylamide gel electrophoresis under reducing conditions. 

24. A vector comprising a nucleic acid according to claim 18. 

25. A host cell transformed or transfected with a vector according 
to claim 24.— 



REMARKS 

This is the Applicants' second amendment to this application. A 
preliminary amendment, to add a priority claim to the application, was mailed on 
August 12, 1996. 

The Applicants do not intend by the foregoing amendments or any 
other amendments to abandon the subject matter of any claim as originally filed 
or later amended, and reserve the right to claim such subject matter in other 
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applications, such as continuations, continuations-in-part, and divisional 
applications. 



I. The Applicants Elect Claims 3-7, 11, and 13 (Group 11} without trav rse. 

In response to the restriction requirement, the Applicants hereby 
elect Group II (Claims 3-7, 1 1, and 13), drawn to nucleic acids, vectors, and 
host cells. 

II. Explanation of amendments. 

Claim 1 has been amended to recite a nucleic acid, rather than a 
polypeptide, thereby bringing claim 1 within the scope of the elected invention 
of Group II. 

Claim 3, which formerly depended from non-elected claim 2, has 
been amended to be an independent claim. Claims 11 and 13 have been 
amended similarly. 

New claims 18 and 19 find support in Example 4 (pp. 19-21), for 

example. 

New claim 20 finds support in Example 5 (p. 22, lines 33-34), for 

example. 

New claim 21 finds support in Example 5 at p. 23, lines 9-10, for 

example. 

New claim 22 finds support at p. 23, lines 9-10, and p. 30, lines 
14-17, for example. 

New claim 23 finds support in Example 13 (p. 31, lines 33-34), for 

example. 



i 
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All of the pending claims (as amended herein) are properly 
classified with the Group II claims elected by the Applicants in response to the 
restriction requirement. None of the new claims introduce new matter. 

Respectfully submitted, 

MARSHALL. OTOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312)474-6300 

Date: 34^,1^ B y: 

David A. Gass 
Reg. No: 38,153 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants): ) Title: RECEPTOR LIGAND 

Alitalo et a!. > 

Serial No: 08/585.895 > Group Art Unit: 1801 

Filed: January 12, 1996 ) Examiner: Lathrop, B. 

AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Transmitted herewith is an amendment for the above application. 



cue 



l if 



.10. 00 



CERTIFICATE OF MAILING (37 CFR 1.8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being 
deposited with the United States Postal Service as first class mail, postage prepaid, on January 24. 
1997, in an envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 
20231. 




David A. Gass 



1 . Small Entity Status 

Q Verified statement(s) claiming small entity status is(are) attached. 
□ Small entity status has been established and is still effective. 
B Has not been established. 

2. Extension of Time 

B This is a petition for an extension of time under 37 CFR 1 .1 36 for the total number 
of months checked below: 



EXTENSION 
' (Months) 


FEE FOR LARGE ENTITY 


FEE FO 


R SMALL ENTITY 


One Month 


X 


$110.00 




$55.00 


Two Months 




$390.00 




$195.00 


Three Months 




$930.00 




$465.00 


Four Months 




$1,470.00 




$735.00 



If an additional Extension of Time is required, please consider this a petition therefor. 

Extension Fee: $ 1 10.00 



O An extension for month(s) 

has already been secured and the fee 

paid therefor of $ k 
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4. Method of Payment of Fees 

H Attached is a check, in the amount of: 

□ Charge Deposit Account No. 13-2855 
in the amount of: 

A copy of this Transmittal is enclosed. 



5. Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed 
or any additional fees which may be required during the pendency of this application under 
37 CFR 1.16 or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is 
enclosed. 

Please refund any overpayment to Marshall. O'Toole. Gerstetn, Murray & Borun at the 
address below. 
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Transmitted herewith is an amendment for the above application. 



CERTIFICATE OF MAILING (37 CFR 1 .8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being 
deposited with the United States Postal Service as first class mail, postage prepa.d, on January z*. 
1997, in an envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 
20231. 



David A. Gass 
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Method of Payment of Fees 
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5. Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed 
or any additional fees which may be required during the pendency of this application under 
37 CFR 1.16 or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is 
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Please refund any overpayment to Marshall. OToole. Gerstein. Murray & Borun at the 
address below. 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



In compliance with 37 C.F.R. §1.97 and the continuing duty of disclosure 
under 37 C.F.R. §1.56, the Applicants wish to call to the attention of the Examiner the 
enclosed documents, as itemized on Form PTO-1449, which may be considered material 
to the examination of the above-identified patent application. A copy of each document 
is enclosed herewith. 

This Information Disclosure Statement is not intended to be an admission 
that a search has been made, that other relevant art does not exist, or that any of the 
information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt of a first 
Office action on the merits, and consequently should be considered by the Patent Office 
without payment of a fee. See 37 C.F.R. § 1. 97(b). However, please charge any 
necessary fees due in connection with this Information Disclosure Statement to Deposit 
Account No. 13-2855. A duplicate copy of this document is enclosed herewith. 
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Sir: 

In compliance with 37 C.F.R. §1.97 and the continuing duty of disclosure 
under 37 C.F.R. §1.56, the Applicants wish to call to the attention of the Examiner the 
enclosed document, as itemized on Form PTO-1449, which may be considered material to 
the examination of the above-identified patent application. A copy of the document is 
enclosed herewith. 

This Information Disclosure Statement is not intended to be an admission 
that a search has been made, that other relevant art does not exist, or that any of the 
information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

This Information Disclosure Statement is submitted before receipt of a first 
Office action on the merits, and consequently should be considered by the Patent Office 
without payment of a fee. See 37 C.F.R. § 1.97(b). However, please charge any 
necessary fees due in connection with this Information Disclosure Statement to Deposit 
Account No. 13-2855. A duplicate copy of this document is enclosed herewith. 
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MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 
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Alitalo et al. 

Serial No.: 08/585,895 

Filed: January 12, 1996 

For: "Receptor Ligand" 

Group Art Unit: 1801 

Examiner: Lathrop, B. 



I hereby certify that this paper is being 
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David A. Gass 
Registration No. 38,153 
Attorney for Applicant 



INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. S § 1 .56, 1 .97, AND 1 .98 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In compliance with 37 C.F.R. §1.97 and the continuing duty of disclosure 
under 37 C.F.R. S1.56, the Applicants wish to call to the attention of the 
Examiner the enclosed documents, as itemized on Form PTO-1449, which may 
be considered material to the examination of the above-identified patent 
application. A copy of each itemized document is enclosed herewith. Both of 
the documents were identified in an International Search Report (ISR, copy 
enclosed herewith) in a related PCT patent application. Documents identified in 
the ISR that are not itemized on the attached Form PTO-1449 have already been 
made of record by the Patent Office or the applicants. 
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herein constitutes prior art under 37 U.S.C. §102 or §103. 
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Office) in a counterpart foreign (PCT) application, not more than three months 
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Office without payment of any fee. 
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connection with this paper to Deposit Account No. 13-2855. A duplicate copy 
of this document is enclosed herewith. 
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UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. O.C 20231 - 



APPLICATION NUMBER \ FtUNG DATE | FlftST NAKED APPLICANT | ATTORNEY POCKET NO. 



c 



ART UNIT I . PAPERNUMSER 



>7 

DATE MAILED: 



This Is a communication from the examiner In charge of your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 

OFFICE ACTION SUMMARY 

Responsive to communication(s) filed on I f 7 (.&eoh~fn//k*.-dJ'&) , 

□ This action is FINAL. 

G Since this application is in condition for allowance except for formal matters, prosecution as to the merits Is closed in 
accordance with the practice under Ex parte Quayle, 1935 D.C. 1 1 ; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire ^3 month(s). or thirty days, 

whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause 
the application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR 
1.136(a). 

Disposition of Claims 

&J Clatm(s) t. 3-7 i/ } IS (7- ZS is/are pending in the application. 

Of the above, claim (s) is/are withdrawn from consideration. 

□ Claim(s) is/are allowed. 

S Ctaimfs) h ? //. 1 3, /7'2^ is/are rejected. 

Q Claim(s) is/are objected to. 

O Claims are subject to restriction or election requirement 

Application Papers 
Ef See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948. 

O The drawing(s) filed on ' is/are objected to by the Examiner. 

□ The proposed drawing correction, filed on _ is Q approved □ disapproved. 

ST The specification is objected to by the Examiner. 

The oath or declaration Is objected to by the Examiner. 
Priority under 35 US.C. § 119 

□ Acknowledgement is made of a daim for foreign priority under 35 U.S.C. § 119(a)-<d). 

□ All □ Some* □ None of the CERTIFIED copies of the priority documents have been 
G received. 

Q received in Application No. (Series Code/Serial Number) , 

□ received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
'Certified copies not received: . 

□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1 19(e). 

AlUivtllllCI !*.(») 

BT Notice of. Reference Cited. PTO-892 

@ Information Disclosure Statement(s). PTO-1449. Paper No(s). 3: f.//-J3y g 
D Interview Summary, PTO-413 

T£5 Notice of Draftsperson's Patent Drawing Review, PTO-948 

□ Notice of Informal Patent Application. PTO-152 

51 Wohe^ -b C&vh - SEE OFRCE ACTION ON THE FOLLOWING PAGES - 



following reason(s): I 



18230, May 1.1990. 



□ Lfefing- as required by 37 C.F.R. 1.821(c). 

n 3 A copy of toe -Sequence U** in computer readabie form has no, been submitted as required by j 

U * 37 CJ=.R. 1.821(e). 3 

□ 4.Acopyo f «,e-Sequenc^ , 
n B.Tbecomputerreadab.erorm.at.asb^n^ 

U -Sequence Listing- as required by 37 C.F M. 1 .821 ^ 

*™ o cfo in NO and Figure 9B requires identification c 

B pro rand F ^ 

Brief Description of the Drawings or the Figures. 

j^To"^^ 

ra An^or'su,^ 

13 into the specification. 

ra A^tementmatmecontentofmepaperandcomp^^^^ ■ 
IS applicable, include no new matter, as requ.red by 37 C.F.R. 1 Jul W 
1.825(b) or 1.825(d). 

For questions regarding compliance to these requirements, please contact j 
For Rules Interpretation, call (703) 308-421 6 ! 
For CRF Submission Help, call (703) 308^4212 

For Patently ^^NOTICE WITH YOUR RESPONSE 
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DETAILED ACTION 



Election/Restriction 

1. Applicants election without traverse of Group II, claims 3-7, 1 1, and 13, and amendment 
of claim 1 to read on the elected invention in Paper No. 15 is acknowledged. 



Oatit/Declaration 

2. The oath or declaration is defective. A new oath or declaration in compliance with 37 
CFR 1 -67(a) identifying this application by application number and filing date is required. See 
MPEP §§ 602.01 and 602.02. 

The oath or declaration is defective because: 

Non-initialed alterations have been made to the oath or declaration. See 37 CFR 1 .52(c) 
and 1.57). 

It does not state that the person making the oath or declaration in a continuation-in-part 
application filed under the conditions specified in 35 U.S.C. 120 which discloses and 
claims subject matter in addition to that disclosed in the prior copending application, 
acknowledges the duty to disclose to the Office all information known to the person to be 
material to patentability as defined in 37 CFR 1.56 which occurred between the filing date 
of the prior application and the national or PCT international filing date of the 
continuation-in-part application. 
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(e) the deposit will be replaced should it become necessary due to inviability 
wntamination, or loss of capability to function descnbed m the manner m the 

in ritheT^eTSeldentifying information set forth in 37 C.F.R. 1.809(d) should be added to the 
%£ZS£!i noTaSy present. See 37 C.F.R. 1.803-1 .809 for addiuonal ex P «a„ahon of 
these requirements. 

8. Claim 1 is rejected under 35 U.S.C. 112, first paragraph, because the specification, while 
being enabling for polynucleotides having the sequence set forth in SEQ ID NO:32, for 
polynucleotides encoding polypeptides having the amino acid sequence set forth in SEQ ID 
NO.33. and for polypeptides comprising residues 1-120 or 1-180 of SEQ ID NO:33, does not 
reasonably provide enablement for polynucleotides all polypeptides that bind the Flt4.receptor. 
The specification does not enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make the invention commensurate in scope with these claims. 

The scope of claim 1 encompasses polynucleotides from any source that encode 
polypeptides that bind specifically to the Flt4 receptor. Making the invention requires testing all 
tissues from all known species, because neither the source nor the structure of the encoded 
proteins are recited in the instant claims. There is no guidance provided by the specification to 
select those encompassed polynucleotides that encode proteins that specifically bind the Flt4 
receptor with the exception of those teachings which support the subject matter indicated as 
enabled. There is no guidance to predict a priori whether any protein would bind the receptor 
without some information on the structure of the protein, and this information was simply not 
available for all the proteins encompassed by the claims at the time of the invention. There is no 
guidance provided by the state of the art to select ligands to make the invention; despite intense 
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research in this area, Borg et al. (reference C7) teach that no known ligands for the FIt4 receptor 
were known at the time of the invention. The amount of guidance required varies inversely with 
the degree of predictability involved, and in applications directed to inventions in arts where the 
results are unpredictable, the disclosure of a single species usually does not provide an adequate 
basis to support generic claims. MPEP 2164.03 citing In re Soli, 91 F.2d 623, 38 USPQ 189 
(CCPA 1938) and In re Fisher, 427 F.2d 833, 166 USPQ 18 (CCPA 1970). See also Genentech. 
Inc. v. Novo NordiskA/S, 42 USPQ2d 1001 (Fed. Cir. 1997). For the reasons set forth above, 
undue experimentation would be required to make the invention commensurate with the scope of 
the claims. In re Wands, 8 USPQ2d 1400, 1404 (CAFC 1988). 

9. Claims 18-25 are rejected under 35 U.S.C. 112, first paragraph, because the specification, 
while being enabling for polynucleotides having the sequence set forth in SEQ ID NO:32, for 
polynucleotides encoding polypeptides having the amino acid sequence set forth in SEQ ID 
NO:33, and for polypeptides comprising residues 1-120 or 1-180 of SEQ ID NO:33, does not 
reasonably provide enablement for the scope of polynucleotides commensurate with the claims. 
The specification does not enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make the invention commensurate in scope with these claims. 

The breadth of claims 18-25 encompasses polynucleotides encoding all active fragments of 
the protein of SEQ ID NO:33, or those that are 23 kDa or 32 kDa in size. Claim 21 recites the 
limitation that the fragment comprises SEQ ED NO: 13, but this claim encompasses polypeptides in 
which SEQ ED NO: 13 is the only sequence derived from the protein of SEQ ID NO:33. The only 
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guidance offered by the specification to chose fragments that may make the invention is provided 
at page 1 1 where at least residues 1-120 of SEQ ID NO:33 are taught to be required for activity 
by comparison to PDGF {infra). Heldin et al. (reference C40), however, teach the criticality of 
structures throughout the corresponding region of PDGF, such as extended loop structures 
(Figure 2), disulfide bonds involving residue 1 (page 249. column 1), and specific residues 
including those up to residue 154 {Joe. at.). Moreover, comparison with PDGF is of limited 
predictive value, because the stereo-specific interaction required between VEGF-C and its 
receptor are different than those between PDGF and its receptor as evidenced by the fact that the 
two ligands do not bind the same receptors. Without additional structural information on the 
ligand, the skilled artisan cannot predict which additional fragments of the protein of SEQ ID 
NO:33 might bind the receptor. Recitation that the encoded proteins must be 23 or 32 kDa in 
size does not provide significant additional guidance or limitation to the scope of the claims, 
because this limitation does not exclude the presence of sequences unrelated to VEGF-C within 
the polypeptide, nor does it exclude various post-translational modifications known to profoundly 
influence the apparent molecular weight without affecting the primary sequence of the 
polypeptide. Where the art is unpredictable, as in the case of physiological activity, more 
guidance is required. In re Fisher, 166 USPQ 18 (CCPA 1970). The vast amount of 
experimentation required to test all the encompassed fragments is an additional factor to be 
considered in the overall determination of whether the experimentation required to make the 
invention is undue. For the reasons set forth, undue experimentation would be required to make 
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the invention commensurate with the scope of the claims. In re Wands^ 8 USPQ2d 1400, 1404 
(CAFC 1988). 

*> 

10. Claims 3-5, 11, 13, and 17-25 are rejected under 35 U.S. C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

SEQ ID NO:32 encodes a protein whose amino terminus is indicated as residue 1, and the 
specification teaches that the amino terminal of a 23 kDa protein expressed from the 
polynucleotide has the amino terminus shown in SEQ ID NO: 13; however, Human Genome 
Sciences, Inc. disclose DNA encoding a similar sequence (99% global identity using the Smith- 
Waterman algorithm with 100% identity to the instantly claimed protein in the amino terminus 
through the instant residue 8) whose amino terminus is indicated as residue -8 of the instant 
protein. It would have been understood in the art that a disclosure of a particular residue as 
"residue 1 " would have meant that this residue was the amino terminus of the mature polypeptide; 
however, it was unclear which residue corresponds to the amino terminus of the encoded 
polypeptide, making the designation of a particular amino acid residue as a "residue 1" indefinite. 
Although Human Genome Sciences was published after the effective filing date, the publication is 
used to show that the instant claims were indefinite at the time of filing. MPEP 2124 citing In re 
Glass, 492 F.2d 1228, 1232 n.6., 181 USPQ 31, 34 n.6 (CCPA 1974). 



Serial Number 08/585895 -9- 
Art Unit: 180! 

11. Claims 1 1 and 13 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant regards 
as the invention. Specifically, the term "approximately" in claims 1 1 and 13 is a relative term 
which renders the claim indefinite. The term "approximately" is not defined by the claim, the 
specification does not provide a standard for ascertaining the requisite degree, and one of ordinary 
skill in the art would not be reasonably apprised of the scope of the invention. 

Allowable Subject Matter 

12. Claims 3-5, 11, 13, and 17 would be allowable over the prior art of record if rewritten or 
amended to overcome the rejection(s) under 35 U.S.C. 1 12 set forth in this Office action. 

13. The following is a statement of reasons for the indication of allowable subject matter: 
polynucleotides encoding the instantly claimed ligand appear to be novel over the prior art of 
record. Borg et al. (reference C7), for example, disclose that the ligand for Flt4 was not known in 
the art around the time of invention. Closest prior art is a DNA with about 99% identity to the 
claimed polynucleotide (Human Genome Sciences, Inc., reference Bl), but the publication date 
antedates the effective filing date of the instant application. Other relevant prior art made of 
record below discloses a series of expressed sequence tags (ESTs) with high identity to large 
regions of the FIt4 ligand cDNA. The probable identity of these ESTs was not disclosed, and 
without the benefit of hindsight, the artisan at the time of invention would not have been 
motivated to use these ESTs to make the claimed invention. It was not known that these ESTs 
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encoded a receptor ligand, nor was it known that these ESTs were nearly identical to the FIt4 



was taught to encode a Balbiani ring protein (Hillier et al., EST-STS Accession No, T81690), 
hardly giving motivation to use the EST to find the claimed invention. 



14. The prior art made of record and not relied upon is considered pertinent to applicant's 



- Eriksson et al. disclose VEGF-B and DNA encoding this protein, which appears to be 



by Eriksson et al. encode proteins that would reasonably have the inherent property of meeting 
the claim limitation of binding the Flt4 receptor. 



15. Any inquiry concerning this communication from the examiner should be directed to Brian 
Lathrop, whose phone number is (703) 305-5679. The examiner can normally be reached 
Monday through Friday from 8:30 AM to 5:00 PM. 

The examiner will attempt to respond to voice messages within 24 hours. Alternately, the 
examiner's supervisor, Stephen Walsh, can be reached at (703) 308-2957. The FAX number for 
Art Unit 1 80 1 is (703) 305-740 1 . 

An inquiry of a general nature relating to the status of this application should be directed 
to the Group 1800 receptionist whose telephone number is (703) 308-0196. 



ligand cDNA at the time of invention. In fact, the only EST posited to encode a particular protein 



Conclusion 



disclosure. 



structurally distinct from the instantly claimed DNAs. It does not appear that the DNAs disclosed 



Brian K. Lathrop, Ph.D. 
5/25/97 
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VS. DEPARTMENT OF COMMERCE • Patent and Trademark Office Application 




NOTICE OF DRAFTSPERSON'S PATENT DRAWING REVIEW 

FTO Draftpersons review all originally filed drawings regardless of whether they are designated as formal or informal Additionally, 
patent Examiners will review the drawings for compliance with the regulations. Direct telephone inquiries concerning this review to 
the Drawing Review Branch, 703-305-8404. 




The drawfogs filed Onsert dale), , _ _ 

A. / ^ objected to by the DraAspersoh under 371CFR 1.84 or 1.152. 

B. </ objected toby the Drateperson under 37 CFR 1-84 or 1.152 as 
indicated below. The Exim?"** win require submission of new. corrected 
drawings when necessary. Corrected drawings must be submitted 
according to the instructions on the back of this Notice. , 

1. DRAWINGS. 37 CFR 1 .84(a): Acceptable categories of drawings: 
Black ink. Color. 

Not black solid lines. Hg(s) 

Color drawings are rtoyacceptablc until petition is granted. 

Fig(t> ^_ 

2. PHGFOGRARHS. 3Ti*R l-84fb) 




separatly or properly. 




Photograpns not properly mounted (must use brystol board or 

photographic double-weight paper). Fig(s) : J 

Poor quality (half-tone). Fig(j) " « 

3. GRAPHIC FORMS. 37 CFR 1.84(d) 

Chemical or mathematical formula not labeled as separate figure. 

FigCs) 

Group of waveforms not presented as a single figure, using 

common vertical axis with time extending along horizontal axis. 

Fig(s) 

Individuals waveform not identified with a separate letter 

designation adjacent to the vertical axis. Fig(s) 

4. TYPE OF PAPER. 37 CFR 1.84(c) 

Paper not flexible, strong, white, smooth, nonshiny. and durable. 

Sheet(s) . 

Erasures, alterations, overwriting*, interlineations, cracks, creases. 

and folds copy machine marks not accepted. Ftg(s) _ 



ScctioiuWtews. # CFR 1.84 (h) 3 

Hatching not i n d i ca t ed for sectio n al portions of an object. 

Fig<s) 

Cross section not drawn same as view with parts in cross section 

with regularly spaced parallel oblique strokes. Fig(s) 

ARRANGEMENT OF VIEWS. 37 CFR 1.840) 

Words do not appear on a horizontal. I eft -to-right fashion when 

page is either upright or turned so thai the top becomes the right 

side, except for graphs. Fig(s) 

SCALE. 37 CFR 1 &4(k) 

Scale not large enough to show mechanism with crowding 
when drawing is reduced in size to two-thirds in reproduction. 
„ Fig(s) ; : 

S Indication such as "actual size" or scale 1/2" not permitted. 

Rg(s) : — 

10. CHARACTER OF LINES. NUMBERS. A LETTERS. 37 CFR 
1.84(J) 

ily thick and well defined, 
drawings). 

11. SHADING. 37CFRI.84(m) 
Solid black shading areas not permitted. 

Ftg(s) 

Shade lines, pale, rough and blurted. Fig(s) 

12. NUMBERS-BETTERS. & REFERENCE CHARACTERS. 37 CFR 



E 




Mylar, velum paper is not acceptable (loo thin). Fig(s) _ 

SIZE OF PAPER. 37 CFR 1 .84(f): Acceptable sizes: 
2 1 .6 cm. by 35.6 cm. (8 1/2 by 14 inches) 
21.6 cm. by 33.1 cm. (8 1/2 by 13 inches) 
21.6 cm. by 27.9 cm. (8 1/2 by 1 1 inches) 
21.0 cm. by 29.7 cm. (DIN size A4) 

All drawing sheets not the same size. Sheet(s) 

Drawing sheet not an acceptable size: Sheets) 

MARGINS. 37 CFR 1.84(g): Acceptable margins: 
Paper size 




21.6 cm. X 35.6 an. 21.6 cm X 33.1 cm. 21.6 cm. X 27. 
(S V2X 14 inches) (8 1/2 X 13 inches) rSRXlln 
T 5.1 cm. (2") 2Jaa(n 2-5ctn.(r> 

L j64cm.<l/4-) JM aa (1/4") .64 an. (I AT) 
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Msr^ttts (So 004 



-Top CI 




lumbers and reticence qh*£»<£^ not plain and legible. 37 CFR 
I.84(pKI) F^sjr, 

Numbers and reference characters not oriented in same direction 

as the view. 37 CFR l.84(pKD Fig(s). 
Englpjr^iphabct not used. 37)CFR 1.84(pK2) 

r'Nui 

Rg(s; 

LEAD LINES, ti CFR l.84(q) 

Lead lines cross each other. Fig(s)__ 

Lead lines missing. Fig(s) 



NumtexsJlcttervjrH 



reference characters do not measure at least 
37 CFR(pX3) 



Ri*ht(R) _ .Bottom (B) 



7. VIEWS. 37 CFR 1.84(h) 

REMINDER: Specification may require revision to correspond to 
drawing changes. 

■ All views not grouped together. Fig(s) 

Views connected by projection lines or lead tines. 

Fig(s) 

Partial views. 37 CFR 1.84(h) 2 



NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(1) 

Sheets not numbered consecutively, and in Arabic numerals. 

beginning with number 1. *h**t(%\ 
NUMBER OF VIEWS. 37 CFR 1.84(h) 

Views not numbered consecutively, end in Arabic numerals. 

beginning with number I. Ftg(s) 

View numbers not preceded by the abbreviation Fig. 

Fig(s> 

i. CORRECTIONS. 37 CFR l.84(w) 

Corrections not made from prior PTO- 948, 

FigW 

DESIGN DRAWING. 37 CFR 1.152 
Surface shading shown not appropriate, Ftg<s)_ 



Solid black shading not used for color contrast. 
' Fig(s) 
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PATENT 
28967/33072 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
Alitalo et al. 
Serial No. 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR LIGAND 
Act Unit: 1801 
Examiner: Lathrop, B. 



I hereby certify that this paper is 
being deposited with the United 
States Postal Service as first class 
mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C. 20231, on this 
date: 

David A. Gass 



AMENDMENT AND REPLY PURSUANT TO 
37 C.F.R. §§ 1.111 AND 1.115 



Assistant Commissioner for Patents 
Washington. D.C. 20231 

Sir: 

In an official action mailed May 28, 1997, the U.S. Patent and 
Trademark Office (the Patent Office) rejected claims 1, 3-7, 11, 13, and 17-25 
variously under 35 U.S.C. 5 5 112, first and second paragraphs. The Applicants 
respectfully request reconsideration in light of the following amendments and 
remarks. This Amendment and Reply has been timely filed with a petition and 
fee for three months extension of time, extending the time period for resp nse 
until November 28, 1997. 



- AMENPMENT§/ 

|p the specification: 

Please amepa the specification a/ follow/ 

At page 4, lines \% and 21, delete "Flt-4" and substitute therefor - 

Flt4 -4 

At page 5, line 14, delete "32" and substitute - 3; 
At page 5, line 17, delete "31 8" and substitute -- 317 -/ 
At page 6, line 31. delete "97321 " and substitute therefor - 

At page 8, line 14, delete "Figure 5 shows" and substitute therefor 

- Figures 5A, 5B, and 5C show -J. 

' At page 8, lines 19-20, delete "fractions from the Western 

■ analysis" and^ubstitute therefor - chromatographic fractions from the affinity 
purification/^. 

At page 8, please delete the brief description of Figure 10 at lines 

\_J50-32, and substitute th erefor 

~ Figures lOA-IOB^how a comparison of the deduced amino acid 



97231 



c 



is 

/ sequences of PDGF-A (SEQ ID NO: 36); PDGF-B (SEQ ID NO: 37); two PIGF 
isoforms (SEQ ID NOs: 38 and 39); four VEGF isoforms (SEQ ID NOs: 40-43); 

and Flt4 ligand (VEGF-C) (SEQ ID NO: 33).-. / 

At page 9, line 5, after "lines" please insert - and in brain tissue/^ 



/ 



/(tpage 9, lines ^and < 



delete "VEFG-C" and substitute ther for 

-VEGF-C-/ / 

At page 9, line 27, delete "its cloning^and substitute therefor - p; 

the cloning of a DNA encoding this growth factor L> ; 

/ / 
At page 10, lines 1-2, delete "Claimed ligands" and substitute 

therefor -- Ligands .of the invention!/^ ^/ |; 

At page 1 1 , line 7, after "residues" insert - of 

/t page 1 1, line 19, delete "Balbaini" and substitute therefor - ( : •: 
Lj 

-2- t : 
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At page 12, line 2, delete "have" and substitute therefor - 
At page/12, line 7 /delete "to structure to" and substitute therefor 

« in structure to -f. v 

At page 12,' line 23, delete "NIH3T3" and substitute 

therefor « NIH 3T3 . f 
At page 12, line 25, after "cells" insert -- (BCE) --. 
At page 13, line 14, delete "the". 

/t'page 13, line 17, delete "disesases" and substitute therefor 
'■' , / 
s 

At page 13, line 17, delete "to"r y 
At page 14, line 4, delete "genes" and substitute therefor -- gene - 

A/page 14, line 15, delete "these genes" and substitute therefor - 

this gene — , 

At page 14, line 20, delete "have "/and substitute therefor - h^s K 

At page 15, line 6, delete "the". / 
At page 15, line 12, after "Centricon 100" insert - filters --. 
At page 17, line 3, delete "NIH3T3" and substitute 

therefor « NIH 3T3 -X / f 

At page 17, lines 4 and l3f, delete "analysed" and, in each 

instance, substitute therefor -- analyzed -/ 

At page 17, line 13, after "50 jt/g" insert » of --. / 
At page 17, line 13, delete "was" and substitute therefor - were - 

At page 17, line 18; delete "carboxyterminal" and substitute 
therefor -- carboxy-terminal -V / / 

At page lines 26"and 2S, delete "NIH3T3" and substitute 

therefor - NIH 3T3 X / 

At page 20 13, electa "N!H2T2" 2nd e.jhstitute 

therefor NIH 3T3 
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At page 20, line 30 f delete "was" and substitute therefor — were 

At page .21 line 16, delete "3" and substitute therefor - 4 k/^ | | 

At page 21, line 27, delete "exracellular" and substitute therefor - 

extracellular fti 
At page 22, line 5, delete "dialysed" and substitute therefor - U 

dialyzed-.^ y 

At page 22/fine 14, delete "NIH3T3" and substitute || 

therefor NIH 3T3 --/ 

At page 23, line 4, delete "Malborough" and substitute therefor - 

Marlborough —v/ s 
At page 23, line 19, delete "was" and substitute therefor - were / ~ 



analyzed — / 



At page 24, line 21, delete "analysed" and substitute therefor - 
At page 25, line 29, delete "analysed" and substitute therefor - 



analyzed 



/ 



At page 27, line 17, delete "analysed" and substitute therefor -- 

analyzed — . V 
At page 27, line 33, delete "32" and substitute therefor - 33 K 
At page 28,^fne 17, delete "NIH3T3" and substitute 

therefor NIH 3T3 



analyzed — / 



28^11? 

fyt page 28, line 19, delete "analysed" and substitute therefor - / ? Ff; 

At page 28, line 26, delete "slur" and substitute therefor -- slu 

■Ci 

At page 29, line 1, af te ^"97231 please insert) -- A 1997 ba s 
pair nucleotide sequence of the cPNA4As>i^-of-thlSTJeposited plasmid is set jpj 

^ iortriio~s€e^oT3o^ - _J ) ; tJ 

At page 29, line 11, delete "two" and substitute therefor - three - 



c 

u 



At page 29, line 17, delete "Balbiani ring protein 3 (BRP3)" and 
substitute therefor - Balbiani ring 3 protein (BR3P) 

At page 29, line 22, delete "BRP3" and substitute therefor ~ BR3P 

At (£age 30, line 9, delete "asaysed" and substitute therefor - 

assayed — , ^/ 

At page 3o/line 11. delete "NIH3T3" and substitute 

therefor » NIH 3T3 

At page 30, line 34, delete "be"i/ 

At'page 31, line 4, delete "analysed* and substitute therefor - 

analyzed -V ^ 
At page 31, line 7, delete "10 9 " and substitute therefor - 10* ». 
At^p'age 31, line 23, delete "Metabolical" and substitute therefor - 

metabolic 

At page 31, line 30, delete "30 ml of a slur" and substitute 

. /' 

therefor 30 $A of a slurry --. 

At page 32, line 3, delete "receptor binding" and substitute 

therefor — receptor-binding 

At page 32/rfne 24, delete "NIH3T3" and substitute 



therefor - NIH 3T3 -V 

At page 32, line 34, delete "nil" ancistibstitute therefor 
At page 33, line 3, dejete/TBS" ^artS substitute therefor RIPA 
At page 33, lines 6/M4, and 2£ delete "analysed" and, in each 

instance, substitute therefor/^analyzed A 

At.page 33yfhe 19. delete "N1H3T3" and substitute 

therefor - NIH 3T3 

At paae 33, line 31 , after "(" please insert - Fig. 14A 

At^ge 34, line 10, delete "analysed" and substitute therefor - 

At page.34/line 14, delete "NIH3T3" and substitute 
therefor « NIH 3T3 -V 
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At page 36, tine 20, delete "higly expressed in all tissues 



analysed** and substitute therefor — highly expressed in all tissues analyzed 

At page'W, line 19, delete "Gaithesburg" and substitute theref r — 

- ^ 



/ 



Gaithersburg 

NC page 38, line 3, delete "analysed" and substitute therefor - 
analyzed -~\s s 

At page 38, line 12, delete "VEGF-B" and substitute therefor 

VEGF-C - y 

At page 38, line 27, delete w c6" and substitute therefor - C6 ' 
^At page 39, line 16, delete " 209 5 2^apd substitute therefor - 

Please delete pages 40-49 offhe specification, which comprise the 
original sequence listing, and substitute therefor new pages 40-60 filed 
herewith, which constitute a substitute Sequence Listing. In view of this 
amendment, please renumber the pages of claims and abstract beginning with 
"61" (to preserve consecutive page numbering^ 



0 



20852 




In the claims : 

Please cancel claims 6, 13, and 17 ; amend claims 1, 3-5, 7, 11, 
18, and 20; and add new claims 26-38 as shown below: 




1 . (Twice amended) A host cell transforme d or transfected wit 
) /{purified and isolated] polynucleotide encoding a polypeptide [whichspeclfically 
binds] that is capable of binding with high affinity to the fixlTJ 
human Flt4 receptor tyrosine kinase* 

wherein said polynucleotide inclurietTa strand that hybridizes to a 



[Tular domain of 



fe include 
xrtmpfenr 



DNA comp rising the non-coding strand j&omplementarv to SEQ ID NO: 32 



under the following hybridization -conditions: 

(a) hybridiz ation at 42°f: for 20 hours in a solution 
containing BO^formamide. Bx SSPF. 5x Denhardt's solution. 
.1% S0S and 0.1 mo/ml denature d salmon snerm DNA: and 
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0 



c 



fb) washing the filter twice for thirty minutes at mom 
temperature and twice for thirty minutes at 65°C with a wash 
solution conta ining 1x SSC. and 0.1% SDS: anc 

wherein said host ceil exoresjes-^polvDeDtide encoded bv said 

polynucleotide, said polypeptide, including a domain defined by eight conserved 
cysteines and having hoEnoTogy to vascular endothelial growth factor (VEGF) 

and lacking aj^y^omain having cysteine motifs of a Balbiani ring 3 protein 



3. (Twice amended) A host cell transformed or transfected with a 
purified and isolated] nucleic acid encoding a polypeptide having the amino 
acid sequence shown in SEQ ID NO: 33 . wherein said host cell expresses' a 
polypeptide encoded by said polynucleotide, said polypeptide incltramq a 
domain defined by eight conserved cysteines and havinghornology to vascular 
endothelia l growth factor (VEGF) and lacking any domain having cysteine motifs 
of a Balbiani ring 3 protein fBR3P). 




c 



4. (Amended) A host^Tell [The nucleic acid] according to claim 3 
wherein said nucleic acid comprises [having] the sequence shown in SEQ ID 
NO: 32. 

(Twice amended) A host cell according to claim 3 wherein said 
Sde is a vector comprising a nucleic acid that encodes a polypeptide 
havjn^ the amino acid sequence shown in SEQ ID NQ: 33 [the nucleic acid 
According to claim 3]. 
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7. (Amended) A host cell comprising plasmid p FLT4-L. deposited 
as ATCC agression Nn. 97231. wherein said host cell expresses aootoQeatifa 
pnrnded hy said plasmid. sai d polypeptide including^* domalfT^efined bv eight 
rnnsRfved cysteines ha^ngJaQmotoQ^rfo^a^CUlar endothelial grow th factor 



1VEGR and. 
prcrfelnfBR: 



gmg any domain having cyste ine motifs of a Balbiani ring 3 



(BR3P) [the vector according to claim 61. 



1 1 . (Twice amended) 
according to claim 1 9 wherein sai 
amino acids 1 to 1 20 of SEQ ID 




lurified and isolated nucleic acid 
dypeptide comprises [approximately] 




c 



8 



18. (Amended) A purified and isolated nucleic acid comprising a 
nucleotide sequence that encodes a polypeptide that is capable ofbinjimrj'to an 
Flt4 receptor tyrosine kinase, said polypeptide havingaj^mirtoacid sequence 
comprising a portion of the amino acid ^sj^enrJeshown in SEQ ID NO: 33[, 
said portion encoding a polypepTTa r ecapable of binding to an Flt4 receptor 
tyrosine kinase ] ^fterTtive to permit such bindin g, said polynucleotide lacking a 
nucleotftfe"sequence that encodes the portio n of the amino acid sequence 
^hown in SEQ ID NO 33 that has cysteine motifs of a Balbiani ring 3 protein. 



claim 19 wherein said polypeptid 
23 [kd] kQ as assessed by SDS 
reducing conditions. 




20. (Amended) A pLrffied and isolated nucleic acid according to 
as an apparent molecular weight of about 
acrylamide gel electrophoresis under 



-- 26. A host cell according to claim 1 that expresses a natup 
occurring VEGF-C protein encoded by said polynucleotide. 



27. A host cell accgrdingto claim 1 that expresses a human 
EGF-C protein encoaad-tJy^ said polynucleotide. 



-8- 





D 



28. A host cell according to claim 27, wherein said host cell 
expresses said polynucleotide and produces a mature human VEGF-C proteif 
having a molecular weight of about 23 kD as assessed by SDS-PAGE unoV 
reducing conditions. 

29. A host eel! according to claim 1 wherein saicypolynucleotide is 
an expression vector, said expression vector including an expression control 
sequence operatively linked to a nucleotide sequence tha/encodes said 
polypeptide. 

30. A polynucleotide according tojciaim 18 wherein said portion 
of the amino acid sequence shown in SEQ ID/NO: 33 is a continuous portion 
that includes a VEGF-homologous portion/if SEQ ID NO: 33 and excludes th 
portion of SEQ ID NO: 33 that contains^ysteine motifs of a Balbiani ring 3 
protein. 

31. A polynucleotide according to claim 18 wherein said portion 
of the amino acid sequence4hown in SEQ ID NO: 33 is a continuous portion 
having amino acid 1 of SEQ ID NO: 33 as its amino terminal residue, and having 
as its carboxy terminar residue an amino acid between residues 119 and 126 of 
SEQ ID NO: 33. 



3# A purified and isolated nucleic acid according to claim 1 9 
wherein amirib terminal amino acids 2 through 1 8 of said polypeptide have an 
amino acid^equence corresponding to amino acids 2 through 1 8 set forth in 
SEQID/QO: 13. 
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33. A polynucleotide encoding a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine 
stimulating tyrosine phosphorylation of FIt4 receptorn^cosfrfeTcinase, said 
polypeptide consisting of a continuous pQtxiorTof the sequence shown in SEQ 
ID NO: 33, said continuousDprttdrTcomrnencing at residue number 1 of SEQ ID 
NO: 33 and lacJiin^aTTeast carboxy terminal residues^of SEQ ID NO: 33 beyond 



34. An expression constrfucl^comprising the polynucleotide 
according to claim 33 operatively linkeli to an expression control sequence. 



35. A host cell transformed 
construct of claim 34. 



fansfected with the expression 




36. A method for producing^ a polypeptide that is capable of 
binding the extracellular domain of human^lt4 receptor tyrosine kinase and 
stimulating tyrosine phosphorylation of FIt4 receptor tyrosine kinase, comprising 
the steps of: 

growing a host cell according to claim 35 under conditions which 
permit expression in said host cell of a polypeptide encoded by^said 
polynucleotide; and 

isolating said polypeptide from the host^eflor the growth medium 
of the host cell. 




binding the extracellular domaii 



luman Flt4 receptor tyrosine kinase. 



37. A method for producing a polypeptide that is capable of 
sxtracellular 
comprising the steps of: 

growing a host cell according to any one of claims 1 , 3, 4, 5, 7, 
26, or 27 under conditions which permit expression by said host cell of a 
polypeptide tha^fs capable of binding the extracellular domain of human Flt4 
receptor tyrosine kinase, said polypeptide including a domain defined by eight 
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conserved cysteines and having r omology to vascular endothelial growth factor 
(VEGF) and lacking any domain h iving cysteine motifs of a Balbiani ring 3 

protein (BR3P); and 

isolating said polypei )tia>-*rom the host cell or the growth medium 

of the host cell. 



diiant 



38. A method for policing a polypeptide that is capable of 
binding the extracellular domairj oV humanA4 receptor tyrosine kinase, 
comprising the steps of: 

(Wording to claim 25 under conditions which 

permit expression by said host cell V>f a polypeptide encoded by said nucleic 

acid that is capable of binding the extracellular domain of human Rt4 receptor 

tyrosine kinase; and 

isolating said polypeptide\from the host eel! or the growth medium 

of the host cell. 



REMARKS 

I. History of claims and explanation of amendments. 

A. Prosecution History 

The application as filed contained 1 6 claims. 

In an official communication dated November 25, 1996, claims 
1-16 were subjected to a restriction requirement. In an Amendment and 
Election in Response to Restriction Requirement filed on January 24, 1 997, the 
Applicants: elected claims directed to nucleic acids, vectors, and host cells; 
canceled claims 2, 8*10, 12, and 14-16; amended claims 1, 3, 5, 11, and 13; 
and added claims 17-25. 

In the outstanding Office action dated May 28, 1997, claims 1-3, 
7, 11, 13, 17-25 were rejected. In the present amendment, the Applicants 
cancel claims 6, 13, and 17; amend claims 1, 3-5, 7, 11, 18, and 20; and add 
new claims 26-38. Thus, claims 1, 3-5, 7, 11 and 18-38 are now pending. A 
copy of the claims, in their amended forms, is appended hereto for the 
Examiner's convenience. 

The Applicants do not intend by the amendments herein or any 
other amendments to abandon the subject matter of any claim as originally filed 
or as previously amended, and reserve the right to pursue such subject matter 
in subsequent applications* such as continuations, continuations-in-part, and 
divisional applications. 

B. Amendments to the specification. 

Most of the amendments to the specification correct obvious 
typographical errors, grammatical errors, and the like. 

The amendments at page 5, lines 14 and 17, correct obvious 
typographical errors in the designation of the portions of SEQ ID NO: 33 which 
correspond to the unprocessed and "mature" forms of VEGF-C. The description 
of the amino terminus of a mature form of VEGF-C is found in the specificati n 
at, e.g., p. 23, lines 5-10, and is confirmed at page 25, line 27, to page 26, 



line 6 (from which it is apparent that the first 13 amino acid residues of a 
secreted Flt4 ligand are encoded by the thirty-nine 3* bases of SEQ NO: 25 that 
begin ACAGAAGAGACT...). From these excerpts of the specification that 
identify the amino terminus of a mature VEGF-C protein, it is clear that the 
residues of SEQ ID NO: 33 as originally filed were misnumbered. As explained 
in the accompanying statement, a corrected SEQ ID NO: 33 has been filed 
herewith. 

The amendment at page 6 to correct the ATCC accession number 
corrects an obvious typographical error, as is apparent from the ATCC deposit 
information provided at page 39, lines 14-18. 

The amendment to the description of Figure 7 at page 8, lines 1 9- 
20; finds support at pages 21-22 (Example 5), from which it is apparent that 
Figure 7 depicts the results of gel electrophoresis of chromatographic fractions 
from the affinity purification of the Flt4 ligand. 

The description for Figure 10 has been amended to reflect that 
Figure 10 is presently two panels (Figs. 10A-10B) and to include cross- 
references to the amended sequence listing. These amendments are responsive 
to objections raised in paragraphs 5 and 6 of the Office action. 

The amendment at page 9, line 5, to add "brain tissue* to th 
description of Figure 1 1 finds support in Figure 11 itself, wherein the gel lane 
depicting the results for brain tissue is clearly labeled. 

The amendments at pages 1 1 and 29 to correctly designate 
"Balbiani ring 3 protein" find support in the articles referenced at page 11, and 
the correct designations would have been understood by one skilled in the art. 

The corrected cross-reference to Example 4 at page 21, line 16, 
finds support in Example 4 itself, because it is readily apparent from reading the 
application that Example 4 characterizes the ligand expressed by PC-3 cells. 

The amendment at page 27, line 33, finds support as described 
sbove for t ho similar amendment at page 5, line 1 4. 

The amendments to add SEQ ID NOs: 44-45 and include a cross- 
reference thereto at page 29, line 1, find support in the deposited plasmid 
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pFLT4-L, as an inherent property of the plasmid. See In re Lundak, 227 
U.S.P.Q. 90 <Fed. Cir. 1985); Therma-Tru Corp v. Peachtree Doors Inc.. 33 
U.S.P.Q.2d 1274, 1276 (Fed. Cir. 1995) ( n [T]he later explicit description of an 
inherent property does not deprive the product of the benefit of the filing date 
of the earlier application."); and Kennecott Corp. v. Kyocera International Inc.. 
5 U.S.P.Q.2d 1194 (Fed. Cir. 1987) (The express description of an inherent 
property is not new matter and can be added to a specification with effect as of 
the original filing date). 

The amendment at page 29, line 1 1 finds support in Figure 10, 
wherein three (not two) putative N-linked glycosylation sites are underlined. 

The substitution of "/d" for "ml" at page 32, line 33, would have 
been obvious to the person of ordinary skill in the art from the context of 
Example 14, due to the nature of the experiment. 

The corrected designation of a wash buffer used in the VEGFR-2 
binding experiments at page 33, line 3 (Example 14), improves the readability 
of the eventual patent. This correction does not relate to how one would make 
or use the subject matter of the claims. 

The amendment at page 33, line 31, to provide a cross-reference 
to Fig. 14A finds support in the context of the discussion of Figs. 14A-14B at 
page 33 and in the figures themselves, and will improve the readability of the 
eventual patent. 

Support for the amendment at page 38 f line 1 2,. to substitute 
"VEGF-C" for "VEGF-B" is apparent from the context at page 38, lines 10-18, 
from which it apparent that VEGF-C-encoding DNA is being discussed. 

Support for the substitute Sequence Listing filed herewith is 
provided in the accompanying statement filed herewith. 

C. Amendments to the claims. 

All of the claim amendments find support throughout the 
application as originally filed. 
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For example, the recitations in claim 1 relating to binding to the 
extracellular domain of human Flt4 find support at p. 5, lines 4-9; p. 9, lin s 
30-32; p. 10, lines 26-31; p. 14, lines 30-34; and Examples 4 and 5. 

The hybridization conditions recited in claim 1 find support in 
Example 10 (especially at p. 27, lines 9-14), wherein the recited hybridization 
conditions were employed in the isolation of VEGF-C-encoding cDNAs from a 
cDNA library. 

The recitations in claims 1, 3, 7, 18, and 30 regarding expression 
of a polypeptide that includes a VEGF-homologous domain but excludes any 
domain having homology to a Balbiani ring 3 protein finds support in Example 
1 3 (teaching that transfected host cells express and secrete 32 kD and 23 kD 
forms of VEGF-C that bind Flt4); at p. 11, lines 1 1-23 (teaching that the 23 kD 
polypeptide is likely to represent the VEGF-homologous domain, and that th 
carboxy-terminal amino acid sequences that show a cysteine pattern 
reminiscent of the Balbiai ring 3 protein is at least partially cleaved off); at page 
1 1, lines 33-35, and in Fig. 10 (describing and depicting the eight conserved 
cysteine residues of the PDGF/PIGF/VEGF family of proteins). 1 

The recitation of plasmid pFLT4-L in claim 7 finds support in claim 
6 (from which claim 7 originally depended). 

The amendment of claim 20 to substitute "kD" for "kd" is not 
intended as a substantive change, but merely is intended to increase uniformity 
of the eventual patent. 

The recitation of an expression vector in claim 29 finds supp rt in 
Example 11, e.g., at p. 28, lines 5-13; and at p. 6, lines 27-31. 

The amino acid ranges recited in claims 31 and 33 find support at 
page 5, lines 27-33. 



1 In Fig. 10, the eight conserved cysteines are readily appareni at position* 
103, 130, 136, 139, 140, 147, 184, and 186. In SEQ ID NO: 33 of the 
amended sequence listing, these eight cysteines correspond to residues 29, 54, 
60, 63-64, 71, 107, and 109. 
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Support for claims 36-38, directed to a method for producing a 
polypeptide with host cells of the invention, is found at p. 6, lines 32-35, for 
example. 

II. The second inventors* declaration, filed August 12, 1996, is not 
defective. 

In paragraph 2 of the Office action, the Patent Office alleged that 
the inventors* declaration was defective due to non-initialed alterations and 
failure to acknowledge that the application is a CIP. The alleged defects are 
rendered moot by the second inventors* declaration that accompanied the 
Applicants' preliminary amendment dated August 12, 1996. Copies of the 
amendment and declaration are attached hereto as Exhibits 1 and 2. 

III. Proposed drawing correction. 

In paragraphs 3-4 and 6 of the Office action, the Patent Office 
requested the submission of a proposed drawing correction and the amendment 
of the brief description of the drawing to identify the two pages of Figure 10 as 
"10A and "10B*\ Attached hereto as Exhibit 3 is a proposed (informal) drawing 
correction. The Brief description of the drawing has been appropriately 
amended as well, at page 8, line 32. Accordingly, these objections may now 
be withdrawn. The Applicants wish to defer formal correction of the drawings 
and submission of a petition for photograph drawings until the application is 
allowed. 

IV. The Application is in compliance with the Sequence Rules. 

In paragraph 5 of the Office action and in a Notice to Comply, the 
Patent Office requested that the Application be amended to include the Figure 
10 sequences therein, and to include cross-references to the Sequence Listing 
in the brief descriptions of Figs. 9B and 10. The Application has been so 
amended. The sequence listing amendment is accompanied by an appropriate 
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statement confirming that no new matter has been introduced into the 
application. Accordingly/ this objection may properly be withdrawn. 



V. The Applicants request deferral of the requirement for a Budapest Treaty 
declaration. - 

In paragraph 7 of the Office action, the Patent Office rejected 
claims 6 and 7 under 35 U.S.C. §112, first paragraph, alleging that access to 
biological deposit material was required to use the claimed invention. As 
indicated in the specification at p. 39, the biological deposit was made pursuant 
to the provisions of the Budapest Treaty. A statement confirming the 
availability of the deposit is filed herewith, rendering this rejection moot. 

The Budapest Treaty declaration filed herewith is intended solely to 
expedite prosecution, and is not intended as an admission that the deposited 
plasmid is required to satisfy §112, first paragraph. 

VI. The rejection of claim 1 under §112, first paragraph, should be" 
withdrawn. 

In paragraph 8 of the Office action, the Patent Office rejected 
claim 1, alleging that the full scope of the claim was not enabled by the 
specification: 

Claim 1 is rejected under 35 U.S.C. 1 12, first 
paragraph, because the specification, while being enabling 
for polynucleotides having the sequence set forth in SEQ ID 
NO:32, for polynucleotides encoding polypeptides having 
the amino acid sequence set forth in SEQ ID NO:33, and for 
polypeptides comprising residues 1-120 or 1*180 of SEQ ID 
NO:33, does not reasonably provide enablement for 
polynucleotides [sic: encoding?] all polypeptides that bind 
the Flt4 receptor. The specification does not enable any 
person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make the invention 
commensurate in scope with these claims. 

The scope of claim 1 encompasses polynucleotides 
from any source that encode polypeptides that bind 
specifically to the Flt4 receptor. Making the invention 
requires testing all tissues from all known species, because 
neither the source nor the structure of the encoded proteins 
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are recited in the instant claims. There is no guidance 
provided by the specification to select those encompassed 
polynucleotides that encode proteins that specifically bind 
the Flt4 receptor with the exception of those teachings 
which support the subject matter indicated as enabled. 
There is no guidance to predict a priori whether any protein 
would bind the receptor without some information on the 
. structure of the protejn, and this information was simply not 
available for all. the proteins, encompassed by the claims at 
the time of the invention. 

(Office action at p. 5.) 

The Applicants traverse-in-part and amend-in-part. 

A. The amendments to claim 1 overcome the factual bases for the 
Patent Office's rejection. 

Claim 1 has been amended such that it no longer encompasses 
every polynucleotide that encodes all polypeptides that bind the Flt4 receptor. 
The Applicants have adopted the Examiner's suggestion to include additional 
limitations relating to the structure of the encoded protein. 

In particular, amended claim 1 is directed only to polynucleotides 
that encode polypeptides that: (1) have a VEGF-homologous domain defined by 
eight conserved cysteines that are common to the PIGF/POGF/VEGF family of 
polypeptides (see Fig. 10, positions 103, 130, 136, 139, 140, 147, 184, and 
186); and (2) are capable of binding with high affinity to the extraceiiuiar 
domain of human Flt4. Thus, claim 1 has been further limited with respect t 
the source (human) and the domain (extracellular) of the binding partner; the 
nature (high affinity) of the binding reaction; and the type of polypeptide 
encoded (polypeptides which possess homology to a core portion of VEGF that 
is definable by eight conserved cysteines). 

In addition, claim 1 now contains a significant structural limitation 
relating to the sequence of the claimed polynucleotide, namely, that the 
polynucleotide is sufficiently similar to the exemplified SEQ ID NO: 32 such that 
it will hybridize to the non-coding strand complementary to SEQ ID NO: 32 
under specified hybridization conditions. The specified hybridization conditions 
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are those that were successfully employed in Example 10 to screen a PC-3 cell 
cDNA library to clone VEGF-C cDNA. (See specification at pp. 26-27.) 

The scope of amended claim 1 is commensurate with the 
teachings in the application. Because of the hybridizing limitation, claim 1 
reads only on those polynucleotides that can be identified via a routine 
hybridization screening assay that has been taught and successfully performed 
in the present application. Moreover, there is guidance in the specification that 
Fit4 ligands of the invention contain homology to VEGF (see, e.g., specification 
at p. 11, lines 11-13, and Figs. 10A-10B), and claim 1 has been appropriately 
limited in this manner. The specification teaches Flt4 binding assays that are 
useful to determine whether an encoded polypeptide tynds Flt4. 

In fact, subsequent hybridization experiments, using the human 
VEGF-C cDNA as a probe, were successfully performed to isolate VEGF-C- 
encoding cDNAs of mouse and quail. (See Declaration Under 37 C.F.R. §1.132 
of Dr. Kari Alitalo at 11 10-18.) The identify of the encoded proteins was 
confirmed by receptor binding and stimulation studies. {Id.) This evidence that 
the specification enables one to isolate non-human VEGF-C-encoding cDNAs 
and confirm their identity in the receptor binding studies refutes the basis for 
the Patent Office's rejection. 

For all of these reasons, claim 1 as amended is commensurate in 
scope with the teachings in the application, and the rejection under §112, first 
paragraph, should be withdrawn. 

B. The Borg reference cited by the Patent Office does not supp rt the 
rejection. 

The Patent Office also cited a Borg publication in support of its 

rejection: 

There is no guidance provided by the state of the art to 
select ligands to make the invention; despite intense 
research in this area, Borg et al. (reference C7) teach that n 
known iigands fui ii.c F;i4 receptor were known st th« time 
of the, invention. 

(Office action at pp. 5-6.) 



Reliance upon Borg is misplaced, because the Applicants do not rely up n Borg 
to provide an enabling disclosure. The Applicants specification provides the 
enabling disclosure. As explained above, amended claim 1 is commensurate in 
scope with guidance provided in the specification. 

C. The legal authorities relied upon by the Patent Office do n t 
support a rejection of claim 1 . 

The Patent Office cites several cases in support of its rejection of 



claim 1: 



The amount of guidance required varies inversely with the 
degree of predictability involved, and in applications directed 
to inventions in arts where the results are unpredictable the 
disclosure of a single species usually does not provide an 
adequate basis to support generic claims. MPEP 21 64 03 
cit.ng In re So//. 97 F.2d 623, 38 USPQ 189 (CCPA 1938) 
and In re Fisher, 427 F.2d 833, 166 USPQ 18 (CCPA 1970) 
See also Genentech, Inc. v. Novo Nordisk A/S. 42 USPQ2d 
1001 (Fed. Cir. 1997). For the reasons set forth above 
undue experimentation would be required to make the 
invention commensurate with the scope of the claims.' In re 
Wands. 8 USPQ2d 1400, 1404 (CAFC 1988). 
(Office action at p. 6.) 

The Soil opinion relied upon by the Patent Office is distinguishable because th 
patent applicant in that case was attempting to claim more broadly than the 
original disclosure of the patent application, which disclosure gave no indication 
that the applicant regarded his invention as a generic one. See In re So//. 38 
U.S.P.Q. at 190. In the present case, claim 1 has been amended herein to 
claim more narrowly than the generic invention originally contemplated and 
claimed by the inventors. 

the Fisher opinion relied upon by the Patent Office relates t 
patent applications filed in the 1949-1960 period, well in advance of the 
genetic engineering techniques that were available and known in the art at the 
time the present application was filed. See In re Fisher. 166 U.S.P.Q. at 19-20. 
Because the genetic engineering techniques known to those skilled in the art at 
the time of the present application drastically reduce experimentation relative to 
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the traditional techniques that were known at the time of Fisher, the Fisher 
opinion cannot properly be applied against the present case. 

The Patent Office's reliance upon the Genentech decision also is 
misplaced, because the facts of that case are wholly dissimilar from the facts of 
the present case. 

Initially, it should be observed that Genentech is a case wherein 
the Court analyzed whether a 1979 patent application satisfied the enabling 
disclosure requirement. See Genentech inc. v. Novo Nordisk A/S, 42 
U.S.P.Q.2d 1001, 1004 (Fed. Cir. 1997). The state of the art relating to 
recombinant DN A and proteins was in a state of relative infancy in 1 979, as 
compared to the state of the art in the 1994-1996 time period during which the 
present series of applications were filed. Since the enabling disclosure 
requirement involves an analysis of whether an application enables one of 
ordinary skill in the art to make and use an invention, and since the skill in th 
art has advanced enormously since 1 979, the Genentech opinion is of little 
relevance. 

Moreover, Genentech involved a unique situation wherein a 
patentee re-filed a patent application with a wholly new claim, in an attempt to 
enjoin an alleged infringer. As characterized by the Federal Circuit, the unique 
factual circumstances were as follows: an unsolved problem in the art had 
been the difficulty of obtaining a human protein (hGH) from a precursor that 
contained added protein material; Genentech's specification taught a solution t 
the problem wherein hGH was expressed without the added material; yet 
Genentech was attempting, in its re-filed application, to "bootstrap" by claiming 
a wholly different solution to the problem, namely, expression via synthesis and 
processing of a cleavable fusion protein. Genentech, 42 U,S.P.Q.2d at 1005. 
Genentech's specification contained "no disclosure of any specific starting 
material or of any of the conditions under which [the claimed] process can b 
carried out." Id. In these circumstances, the Court found Genentech*s patent 
invalid. 
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In contrast, the present application teaches the procedures . 
necessary to identify polynucleotides according to claim 1 . For example, th 
present application teaches hybridization assays to identify candidate 
polynucleotides from other cDNA libraries; expression techniques for expressing 
polypeptides; and screening techniques to identify those polypeptides that bind 
to the extracellular domain of human Flt4. 

The final case relied upon by the Patent Office, In re Wands, 

actually supports, rather than negates, a conclusion of enablement. The Wands 

opinion stands for the proposition that "Enablement is not precluded by the 

necessity for some experimentation such as routine screening. . . . The test is 

not merely quantitative, since a considerable amount of experimentation is 

permissible, if it is merely routine, or if the specification in question provides a 

reasonable amount of guidance with respect to the direction in which the 

experimentation should proceed." in re Wands, 8 U.S.P.Q.2d 1400, 1404 

(Fed. Cir. 1988). In Wands, the Federal Circuit reversed as improper a rejection 

under §112, first paragraph. The Court recognized that practitioners in the 

pertinent molecular biological art were prepared to perform multiple screening 

experiments of "negatives" in order to identify one "positive." Wands, 8 

U.S. P. Q. 2d at 1406. Moreover, for the purposes of evaluating whether 

experimentation is "undue," the Federal Circuit recognized that "an experiment" 

was not simply defined by the screening of a single clone, but rather, by a 

larger process that can involve producing and screening several clones: 

Furthermore, in the monoclonal antibody art it appears that 
an "experiment" is not simply the screening of a single 
hybridoma, but is rather the entire attempt to make a 
monoclonal antibody against a particular antigen. This 
process entails immunizing animals, fusing lymphocytes from 
the immunized animals with myeloma cells to make 
hybridomas, cloning the hybridomas, and screening the 
antibodies produced by the hybridomas for the desired 
characteristics. 

in re Wands, 8 U.S.P.Q.2d at 1407. 

As explained more fully in Section VII, below, the present specification enables 
the present claims, under the standards established in Wands. 
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VII. The rejection of claims 18-25 under §112, first paragraph, should be 
withdrawn. 

In paragraph 9 of the Office action, the Patent Office rejected 
claims 18-25, alleging that the full scope of the claims was not enabled by the 
specification: 

Claims 18-25 are rejected under 35 U.S.C. 112, first 
paragraph, because the specification, white being enabling 
for polynucleotides having the sequence set forth in SEQ ID 
NO:32, for polynucleotides encoding polypeptides having 
the amino acid sequence set forth in SEQ ID NO:33, and for 
polypeptides comprising residues 1-120 or 1-180 of SEQ ID 
NO:33, does not reasonably provide enablement for the 
scope of polynucleotides commensurate with the claims. 
The specification does not enable any person skilled in the 
art to which it pertains, or with which it is most nearly 
connected, to make the invention commensurate in scope 
with these claims. 

(Office action at pp. 6-8.) 

The Applicants traverse-in-part and amend-in-part. 

A principal basis for the rejection relates to the alleged scope of 

encoded-polypeptides encompassed by the claims: 

The breadth of claims 18-25 encompasses 
polynucleotides encoding all active fragments of the protein 
of SEQ ID NO:33, or those that are 23 kDa or 32 kDa in 
size. Claim 21 recites the limitation that the fragment 
comprises SEQ ID NO: 13, but this claim encompasses 
polypeptides in which SEQ ID NO: 13 is the only sequence 
derived from the protein of SEQ ID NO:33. The only 
guidance offered by the specification to chose fragments 
that may make the invention is provided at page 1 1 where 
at least residues 1-1 20 of SEQ ID NO:33 are taught to be 
required for activity by comparison to PDGF {infra). 

(Office action at pp. 6-7.) 

The Applicants respectfully submit that the breadth of the claims 

are commensurate in scope with the guidance in the specification. 
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A. There is no undue experimentation involved in synthesizing the 
polynucleotides (or the encoded polypeptides) within the sc pe of 
the claims. 

By providing the amino acid sequence set forth in SEQ ID NO: 33, 
the specification enables one skilled in the art to make essentially any 
polypeptide comprising a portion of SEQ ID NO: 33, and enables one to make 
essentially any polynucleotide coding sequence for such polypeptide. For 
example, such polynucleotides may be synthesized using automated 
synthesizers or using recombinant techniques (e.g., using polynucleotides of 
the invention and/or variants thereof obtained by site-directed mutagenesis). 

B. There is no undue experimentation involved in screening 
polypeptides for the abilities to bind Flt4 or stimulate FIt4 
phosphorylation. 

Claim 1 8 is limited to nucleic acids that comprise a sequenc 
encoding a polypeptide comprising a portion of SEQ ID NO: 33 effective to 
^permit binding to Flt4. This limitation is commensurate in scope with th 
teachings in the application, because the specification teaches that encoded 
polypeptides are Flt4 ligands, and teaches Flt4 binding assays (and 
phosphorylation assays) to determine whether a polypeptide is capable of 
binding to Flt4 receptor tyrosine kinase (and whether the peptide is capabl of 
stimulating Flt4 autophosphorylation). (See, e.g.. Examples 4-5.) Such assays 
are the "routine screening" type of assay contemplated by the Federal Circuit in 
the Wands opinion. 

C. The specification provides guidance for identifying portions of SEQ 
ID NO: 33 effective to permit Rt4 binding. 

The specification provides significant guidance for determining 

portions of SEQ ID NO: 33 that are effective to permit Flt4 binding. For 

example, although SEQ ID NO: 33 contains 350 amino acids, the specification 

provides guidance that the first 33 amino acids are not critical for Flt4 binding. 

(See, e.g., p. 23, lines 5-10, and p. 25, line 27, to p. 26, line 6, which teach 

that a mature form of VEGF-C lacks the first 33 residues of SEQ ID NO: 33.) 
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The specification further teaches that the amino acids essential for 
retaining Rt4 Hgand activity are contained within approximately amino acids 1- 
120 of SEQ ID NO: 33, and that the proteolytic cleavage that produces a 
mature, naturally occurring Flt4 ligand occurs within approximately amino acids 
1-180 of SEQ ID NO: 33. (Specification at p. 5, lines 27-31.) There is 
guidance that the observed "23 kD polypeptide exemplified in the application is 
likely to represent the VEGF-homologous domain of VEGF-C, and that the 
carboxy-terminal sequences that contain cysteine motifs reminiscent of a 
Balbiani ring 3 protein are cleaved off. (Specification at p. 11, lines 4-23.) At 
page 11, lines 33-35, attention is drawn to the probable importance of eight 
conserved cysteine residues of VEGF-C, which correspond to residues 29, 54, 
60, 63-64, 71. 107, and 109 of SEQ ID NO: 33 . (See Figure 10 and the 
amended Sequence Listing filed herewith.) 

Additionally, the specification outlines a protocol for defining that 
portion of SEQ ID NO: 33 which corresponds with the naturally-occurring Flt4 
ligand. (See pp. 29-30.) Furthermore, the specification provides guidance to 
(a) generate progressive deletion products of the Flt4 ligand cDNA; (b) express 
these modified cDNAs; and (c) assay the resulting truncated protein forms, 
e.g., by studying their ability to induce Flt4 autophosphorylation. (Specification 
at p. 30, lines 6-17.) The Declaration Under 37 C.F.R. §1.132 of Dr. Kari 
Alitalo filed herewith provides evidence that such procedures were successful in 
further characterizing the natural processing of VEGF-C and in identifying VEGF- 
C fragments that are capable of binding Flt4. (See 11 6-9.) 

Collectively, these teachings serve to both provide guidance for 
predicting the portions of SEQ ID NO: 33 that are effective to permit Flt4 
binding; and (2) reduce the amount of experimentation required to determine 
the minimum portion of SEQ ID NO: 33 that is critical for receptor binding. 
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D. 



The Patent Office's reliance upone Heldin to support its rejection is 
improper. 

The Patent Office cited a Heldin publication in support of its 



rejection: 

Heldin et al. (reference C40), however, teach the criticality 
of structures throughout the corresponding region of PDGF, 
such as extended loop structures (Figure 2), disulfide bonds 
involving residue 1 (page 249, column 1), and specific 
residues including those up to residue 154 Hoc. eft.). 
Moreover, comparison with PDGF is of limited predictive 
value, because the stereo-specific interaction required 
between VEGF-C and its receptor are different than those 
between PDGF and its receptor as evidenced by the fact 
that the two ligands do not bind the same receptors. 
Without additional structural information on the ligand, the 
skilled artisan cannot predict which additional fragments of 
the protein of SEQ ID NO:33 might bind the receptor. 
Recitation that the encoded proteins must be 23 or 32 kDa 
in size does not provide significant additional guidance or 
limitation to the scope of the claims, because this limitation 
does not exclude the presence of sequences unrelated to 
VEGF-C within the polypeptide, nor does it exclude various 
post-translational modifications known to profoundly 
influence the apparent molecular weight without affecting 
the primary sequence of the polypeptide. Where the art is 
unpredictable, as in the case of physiological^activity, more 
guidance is required. In re Fisher, 166 USP(£ 18 (CCPA 
1970). 

(Office action at p. 7.) 

The Applicants agree that comparison with PDGF, by itself, would be of limited 
predictive value. However, as outlined above in Section C, comparison with 
PDGF is merely one of many factors taught in the specification for predicting 
which fragments bind the receptor; and the application teaches routine 
screening to determine which fragments actually bind the receptor. 



•26- 



E. The Patent Office's suggestion that one skilled in the art must test 
every fragment of SEQ ID NO: 33 is incorrect. 
Underlying the Patent Office's rejection is the implicit assumption 

that the experimentation involved to practice the invention would require the 

screening of every possible fragment of SEQ ID NO: 33: 

The vast amount of experimentation required to test all the 
encompassed fragments is an additional factor to be 
considered in the overall determination of whether the 
experimentation required to make the invention is undue. 
For the reasons set forth, undue experimentation would be 
required to make the invention commensurate with the 
scope of the claims. In re Wands. 8 USPQ2d 1400, 1404 
(CAFC 1988). 

(Office action at pp. 7-8.) 

As an initial matter, the Applicants wish to clarify that the claims as written are 
directed to polynucleotides comprising a nucleotide sequence that encodes a 
polypeptide that is capable of bindingto Flt4. The "testing" of polypeptide 
fragments for Flt4 binding determines whether polynucleotides encoding the 
fragments fall within the claims. Therefore, to the extent the claims have been 
interpreted as "encompassing" both binding and non-binding fragments, the 
Patent Office has improperly ignored a limitation of the claims. 

Second, the Patent Office's assumption that one must test "all" 
fragments improperly ignores the significant guidance in the specification with 
respect to those portions of SEQ ID NO: 33 that are effective to permit binding 
to FIt4. This guidance drastically reduces the number of fragments that one 
would select for screening. 

Moreover, the Patent Office's suggestion that it is necessary to 
test all fragments of SEQ ID NO: 33 ignores the scientific ability of one of 
ordinary skill in the art. Importantly, one of ordinary skill in the art would n t 
conduct experimentation by haphazardly making all of the possible fragments i 
SEQ ID NO: 33 and testing their ability to bind the receptor. An artisan of 
ordinary skill understands that each fragment that is screened provioes 
guidance as to that portion of SEQ ID NO: 33 that is effective for binding, and 
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that portion which is not. 2 An artisan of ordinary skill also understands - 
techniques for accelerating a screening process, 3 and techniques for screening 
multiple polypeptides simultaneously. Thus, the examiner's reasoning greatly 
overstates both the quantity and the nature of the experimentation required t 
practice the invention as claimed. 



F. The basis for rejection is moot with respect to the Applicants new 
claims 30*36. 

New claims 30-36 contain additional limitations {relative to rejected 
claims 18-25) that characterize portions of SEQ ID NO: 33 which are effective 
to permit Flt4 binding, and which are encoded by the claimed polynucleotide. 
These .additional limitations render inapplicable the bases for rejection that the 
Patent Office alleged against claims 18-25. Evidence in support of the 
patentability of these claims is provided in paragraphs 6-9 of the Declaration 
under 37 C.F.R. 51.132 of Dr. Kan Alitalo filed herewith. 



VIII. The rejection of claims 3-5, 11, 13, and 17-25 under S1 12, second 
paragraph, should be withdrawn. 

In paragraph 10 of the Office action, the Patent Office rejected 

claims 3-5, 11, 13, and 17-25 under 35 U.S.C. 5112, second paragraph, 

alleging that these claims were indefinite for failing to particularly point out and 

distinctly claim the subject matter which the Applicants regard as the invention. 



2 For example, a determination that a polypeptide comprising residues 1 - 
120 of SEQ ID NO: 33 is effective to permit binding to Flt4 and that a 
polypeptide comprising residues 121-317 is ineffective to permit binding would 
provide significant guidance as to that portion of SEQ ID NO: 33 to further 
screen for effective fragments. Thus, the assertion that it would be necessary 
to screen "all" fragments of SEQ ID NO: 33 to practice the claimed inventi n 
relies upon the false assumption that individual screening assays will be * 
performed without knowledge gained from prior screenings. 

3 For example, it is within the skill of the art to synthesize spaced deleti n 
mutants (e.g., residues 1-100, 1-110, 1-120, 1-130, 10-120, 20-120, etc.) 
from SEQ ID NO: 33, rather than successive deletion mutants (1-130, 1-129, 1 
128, 1-127, 1-126 . . .), to more rapidly identify effective portions for binding 
Flt4: 
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The Patent Office relied upon a Human Genome Sciences publication in support 
of its rejection: 

SEQ ID NO:32 encodes a protein whose amino 
terminus is indicated as residue 1, and the specification 
teaches that the amino terminal of a 23 kDa protein 
expressed from the polynucleotide has the amino terminus 
shown in SEQ ID NO: 13; however. Human Genome 
Sciences, Inc. disclose DNA encoding a similar sequence 
(99% global identity using the Smith-Waterman algorithm 
with 100% identity to the instantly claimed protein in the 
amino terminus through the instant residue 8) whose amino 
terminus is indicated as residue -8 of the instant protein. It 
would have been understood in the art that a disclosure of a 
particular residue as "residue 1 w would have meant that this 
residue was the amino terminus of the mature polypeptide; 
however, it was unclear which residue corresponds to the 
amino terminus of the encoded polypeptide, making the 
designation of a particular amino acid residue as a "residue 
1 * indefinite. Although Human Genome Sciences was 
published after the effective filing date, the publication is 
used to show that the instant claims were indefinite at the 
time of filing. MPEP 2124 citing In re Glass, 492 F.2d - 
1228, 1232 n. 6.. 181 USPQ 31, 34 n.6 (CCPA 1974). 

(Office action at p. 8.) 
Clarification is in order. 

A. The present application teaches that amino acid 1 is the thre nine 
that is the 34th residue of SEQ ID NO: 33. 

The Patent Office is correct that the specification teaches that th 
amino terminal amino acid of a 23 kDa protein expressed from a polynucleotide 
comprising SEQ ID NO: 32 has the amino terminus shown in SEQ ID NO: 13. 
This amino terminus corresponds with the 34th residue in SEQ ID NO: 33. As 
explained in the Statement Pursuant to 37 C.F.R. §1.825 filed herewith, the 
Sequence Listing has been amended herein to reflect the fact that this thre nin< 
residue represents the amino terminus of a mature VEGF-C protein. 

The amino tarjr.;r.us taught \r. the ""^nt application reflects the 
results of amino acid sequencing of a purified VEGF-C protein secreted from a 
human cellline. (See Specification at pp. 21-23 (Exampl 5).) Thus, the 
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Applicants' asserted amino terminus is based upon the scientific 
characterization of a secreted human protein. 

B. Human Genome Sciences did not establish the amino terminus of a 
mature VEGF-C protein, and the cited publication is a mere guess 
that Human Genome Sciences later withdrew. 

- Apparently, the Patent Office relies upon Human Genome 
Science's International Patent Publication WO 95/24473 (hereinafter "HGS1") 
in support of its rejection. As set forth below, the HGS1 publication contains 
no sound scientific data to render indefinite the present claims or to call int 
question the Applicants' determination of the correct amino terminus of a 
mature VEGF-C protein. 

The HGS1 publication teaches a "VEGF2" polypeptide "comprising 
350 amino acids residues of which approximately the first 24 amino acids 
represent the leader sequence." (HGS1 at p. 4 (emphasis added).) The HGS1 
publication does not base its determination of a "mature *\ 326 amino acid 
polypeptide on any scientific data. In fact, the only purported expression 
studies in the HGS1 publication were in vitro expression of PCR-amplified 
portions of cDNAs. (HGS1 at pp. 28-29.) The in vitro expression machinery 
employed would not necessarily process the expressed protein, and the HGS 
authors dp not even report any analysis of the amino terminus of this in vitro 
protein. Because the splice site in the HGS1 publication is pure speculation, the 
authors assert only that "the first 24 amino acids residues are likely to be leader 
sequence * . . . (HGS1 at p. 5 (emphasis added).) 4 

In fact, International Patent Publication No. WO 96/39515 
(hereinafter "HGS2"), a later publication by a different Human Genome Sciences 
authorship entity, seems to refute the definition of a "mature" amino terminus 
that is proffered in HGS1 . More particularly, HGS2 alleges that "VEGF2 
contains an open reading frame encoding a protein of 419 amino acid residues 



4 Moreover, HGS1 fails to identify a VEGF2 binding partner and fails t 
demonstrate a VEGF2 biological activity. 
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of which approximately the first 23 amino acid residues are the putative leader 
sequence such that the mature protein comprises 396 amino acids...." (HGS2 
at p. 7.) Thus, more than one year after HGS1, the Human Genome Sciences 
scientists have apparently retracted or contradicted the teachings in HGS1 
relating to a proper definition of "mature " VEGF2. HSG2, like HGS1 f contains 
no scientific study to define a true "mature" VEGF2. 

Thus, a careful scientific analysis reveals that the present 
application properly defines an amino terminus for a mature VEGF-C protein, 
based on sequencing studies of a VEGF-C protein that is actually expressed in a 
human cell line. The multiple, different amino termini alleged by Human 
Genome Sciences in its publications are mere speculation, unsupported by 
scientific evidence. Because the Applicants' asserted amino terminus is 
scientifically supported and the Human Genome Sciences purported amin 
termini are mere speculation, the Patent Office's indefiniteness rejection of 
claims 3-5, 11,13, and 17-25 should be withdrawn. 

IX. The rejection of claims 3-5, 11, 13, and 17-25 under §112, second 
paragraph, should be withdrawn. 

In paragraph 1 1 of the Office action, the Patent Office rejected 

claims 1 1 and 13, under 35 U.S.C. 51 12, second paragraph, alleging that these 

claims were indefinite for failing to particularly point out and distinctly claim the 

subject matter which applicant regards as the invention: 

Specifically, the term "approximately" in claims 1 1 and 13 is 
a relative term which renders the claim indefinite. The term 
"approximately" is not defined by the claim, the 
specification does not provide a standard for ascertaining 
the requisite degree, and one of ordinary skill in the art 
would not be reasonably apprised of the scope of the 
invention. 

(Office action at p. 9.) 

Solely for the purpose of expediting allowance, the Applicants have amended 
claim 1 1 to remove the allegedly indefinite term. Claim 1 3 has been canceled 
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herein. These amendments render this rejection moot. The rejection should 
therefore be withdrawn. 

X. Comments concerning the Examiner's statement of reasons for the 
indication of allowable subject matter. 

In paragraph 13 of the Office action, the Examiner commented as 
follows about the state of the art: 

The following is a statement of reasons for the 
indication of allowable subject matter: polynucleotides 
encoding the instantly claimed ligand appear to be novel 
over the prior art of record. Borg et al. (reference C7), for 
example, disclose that the ligand for Flt4 was not known in 
the art around the time of invention. Closest prior art is a 
ON A with about 99% identity to the claimed polynucleotide 
(Human Genome Sciences, Inc. reference B1), but the 
publication date antedates the effective filing date of the 
instant application. Other relevant prior art made of record 
below discloses a series of expressed sequence tags (ESTs) 
with high identity to large regions of the Flt4 ligand cDNA. 
The probable identity of these ESTs was not disclosed, and 
without the benefit of hindsight, the artisan at the time of 
invention would not have been motivated to use these ESTs 
to make the claimed invention. It was not known that these 
ESTs encoded a receptor ligand, nor was it known that 
these ESTs were nearly identical to the Flt4 ligand cDNA at 
the time of invention. In fact, the only EST posited to 
encode a particular protein was taught to encode a Balbiani 
ring protein (Hillier et al. # EST-STS Accession No. T81690), 
hardly giving motivation to use the EST to find the claimed 
invention. 

(Office action at pp. 9-10.) 

The Applicants first wish to clarify that the publication date of reference B1 
does nor antedate the effective filing date of the instant application. It is 
apparent from the context of the Office action that this is what the Examiner 
intended. 

Moreover, the Applicants respectfully submit that all of the claims 
in the present application would be patentable over reference B1, even if that 
reference (or a counterpart U.S. patent) constituted statutory prior art. 
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For example, claim 1 is directed to a host cell transformed or 
transfected with a polynucleotide of the invention, wherein the host cell 
expresses a polypeptide encoded. by said polynucleotide, said polypeptide 
including a domain defined by eight conserved cysteines and having homology 
to vascular endothelial growth factor (VEGF) and lacking any domain having 
cysteine motifs of a Balbiani ring 3 protein (BR3P). Reference B1 does not even 
suggest to try to recombinant^ express a polypeptide lacking domains having 
BR3P cysteine motifs. Even if such a suggestion existed, there would be no 
reasonable expectation from reference B1 that such a polypeptide would bind 
Flt4. In fact, there is no recognition in reference B1 that any polypeptide binds 
Flt4. Thus, the subject matter of claim 1 is novel and unobvious over reference 
B1-. It will be apparent that similar reasoning supports the novelty and 
nonobviousness of host cell claims 3, 4, 5, 7, 25-29. and 35. and of method 
claims 35-38. 

Claim 18 is directed to a nucleic acid comprising a nucleotide 
sequence that encodes a polypeptide that is capable of binding to Flt4. said 
polypeptide having an amino acid sequence comprising a portion of the amin 
acid sequence shown in SEQ ID NO: 33 effective to permit such binding, said 
polynucleotide lacking a nucleotide sequence that encodes the portion of the 
amino acid sequence shown in SEQ ID NO: 33 that has cysteine motifs of a 
Balbiani ring 3 protein. It is totally unexpected from reference B1 that a nucleic 
acid that encodes a portion of SEQ ID NO: 33 that lacks the recited BR3P 
encoding sequences still encodes a polypeptide that is capable of binding Flt4. 
These unexpected properties support the unobviousness of claim 18 and claims 
that depend therefrom. Similar considerations support the unobviousness of 
claims 33-35 over reference B1. 

Thus, all of the pending claims would remain patentable over 
reference B1 f even if this reference were statutory prior art. 
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XI. Prosecution has been suspended in a related application. 

Pursuant to 37 C.F.R. §1.56, the Applicants wish to apprise th 
Examiner that prosecution has been suspended in a parent application (U.S.S.N. 
08/510,133) "because a reference relevant to the examination . . . may soon 
become available." As set forth in Section X, above, if the reference is a U.S. 
patent counterpart to reference B1, the reference should not prevent allowance 
of the present application. All of the pending claims are directed to subject 
matter that is patentably distinct from anything disclosed or suggested in 
reference B1 . 

CONCLUSION 

- , For the foregoing reasons, the applicants respectfully request 

reconsideration, withdrawal of all claim rejections and objections to the 

specification, and allowance of claims 1, 3-5, 7, 11, and 18-38. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BO RUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
{312)474-6300 

David A. Gass 
if r\ f Registration No. 38,153 

Date: /\W frb , 1997 
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APPENDIX OF CLAIMS 



1 . (Twice amended) A host cell transformed or transfected with a 
polynucleotide encoding a polypeptide that is capable of binding with high 
affinity to the extracellular domain of human Flt4 receptor tyrosine kinase. 

wherein said polynucleotide includes a strand that hybridizes'to a 
DNA comprising the non-coding strand complementary to SEQ ID NO: 32, 
under the following hybridization conditions: 

(a) hybridization at 42°C for 20 hours in a solution 
containing 50% formamide, 5x SSPE, 5x Denhardt's solution, 
0.1% SDS and 0.1 mg/ml denatured salmon sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65°C with a wash 
solution containing 1x SSC, and 0.1% SDS; and 

wherein said host cell expresses a polypeptide encoded by said 
polynucleotide, said polypeptide including a domain defined by eight conserved 
cysteines and having homology to vascular endothelial growth factor (VEGF) 
and lacking any domain having cysteine motifs of a Balbiani ring 3 protein 
(BR3P). 

2. [CANCELED] 

3. (Twice amended) A host cell transformed or transfected with a 
nucleic acid encoding a polypeptide having the amino acid sequence shown in 
SEQ ID NO: 33, wherein said host cell expresses a polypeptide encoded by said 
polynucleotide, said polypeptide including a domain defined by eight conserved 
cysteines and having homology to vascular endothelial growth factor (VEGF) 
and lacking any domain having cysteine motifs of a Balbiani rinq 3 protein 
(BR3P). 

4. (Amended) A host cell according to claim 3 wherein said 
nucleic acid comprises the sequence shown in SEQ ID NO: 32. 

5. (Twice amended) A host cell according to claim 3 wherein said 
polynucleotide is a vector comprising a nucleic acid that encodes a polypeptide 
having the amino acid sequence shown in SEQ ID NO: 33. 

6. (CANCELED] 

7. (Amended) A host cell comprising plasmid pFLT4-L, deposited 
as ATCC accession No. 97231, wherein said host cell expresses a polypeptide 
encoded by said plasmid, said polypeptide including a domain defined by eight 
conserved cysteines havina homoloav to vascular endothelial growth factor 
(VEGF) and lacking any domain having cysteine motifs of a Balbiani ring 3 
protein (BR3P). 
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8. [CANCELED] 



9. [CANCELED] 

10. [CANCELED] 

1 1 . (Twice amended) A purified and isolated nucleic acid 
according to claim 19 wherein said polypeptide comprises amino acids 1 to 120 
of SEQ ID NO: 33. 



12. [CANCELED] 

13. [CANCELED] 

14. [CANCELED] 



15. [CANCELED] 

16. [CANCELED] 



17. [CANCELED] 



18. (Amended) A purified and isolated nucleic acid comprising a 
nucleotide sequence that encodes a polypeptide that is capable of binding to an 
Rt4 receptor tyrosine kinase, said polypeptide having an amino acid sequence 
comprising a portion of the amino acid sequence shown in SEQ ID NO: 33 
effective to permit such binding, said polynucleotide lacking a nucleotide, 
sequence that encodes the portion of the amino acid sequence shown in SEQ 
ID NO: 33 that has cysteine motifs of a Balbiani ring 3 protein. 

19. A purified and isolated nucleic acid according to claim 18 
wherein said polypeptide is capable of stimulating tyrosine phosphorylation of 
FIt4 receptor tyrosine kinase. 

20. (Amended) A purified and isolated nucleic acid according t 
claim 19 wherein said polypeptide has an apparent molecular weight of about 
23 kD as assessed by SDS polyacryfamide gel electrophoresis under reducing 
conditions. 

21. A purified and isolated nucleic acid according to claim 19 
wherein said polypeptide comprises an amino-terminal amino acid sequence set 
forth in SEQ ID NO: 13. 

22. A purified and isolated nucleic acid according to claim 21 
wherein said polypeptide comprises approximately 1 20 amino acids. 
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23. A purified and isolated nucleic acid according to claim 18 
wherein said polypeptide has an apparent molecular weight of about 32 kDa as 
assessed by SDS polyacrylamide gel electrophoresis under reducing conditi ns. 

24. A vector comprising a nucleic acid according to claim 18. 

25. A host cell transformed or transfected with a vector according 

to claim 24. 

26. A host cell according to claim 1 that expresses a naturally 
occurring VEGF-C protein encoded by said polynucleotide. 

27. A host cell according to claim 1 that expresses a human 
VEGF-C protein encoded by said polynucleotide. 

28. A host cell according to claim 27, wherein said host cell 
expresses said polynucleotide and produces a mature human VEGF-C protein 
having a molecular weight of about 23 kD as assessed by SDS-PAGE under 
reducing conditions. 

29. A host cell according to claim 1 wherein said polynucleotide is 
an expression vector, said expression vector including an expression control 
sequence operatively linked to a nucleotide sequence that encodes said 
polypeptide. 

30. A polynucleotide according to claim 18 wherein said portion 
of the amino acid sequence shown in SEQ ID NO: 33 is a continuous portion 
that includes a VEGF-homologous portion of SEQ ID NO: 33 and excludes the 
portion of SEQ ID NO: 33 that contains cysteine motifs of a Balbiani ring 3 
protein. 

31. A polynucleotide according to claim 18 wherein said portion 
of the amino acid sequence shown in SEQ ID NO: 33 is a continuous portion 
having amino acid 1 of SEQ ID NO: 33 as its amino terminal residue, and having 
as its carboxy terminal residue an amino acid between residues 119 and 126 f 
SEQ ID NO: 33. 

32. A purified and isolated nucleic acid according to claim 1 9 
wherein amino terminal amino acids 2 through 1 8 of said polypeptide hav an 
amino acid sequence corresponding to amino acids 2 through 1 8 set forth in 
SEQ ID NO: 13. 

33. A polynucleotide encoding a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine kinase and 
stimulating tyrosine phosphorylation of Flt4 receptor tyrosine kinase, said 
polypeptide consisting of a continuous portion of the sequence shown in SEQ 
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ID NO: 33, said continuous portion commencing at residue number 1 of SEQ ID 
NO: 33 and lacking at least carboxy terminal residues of SEQ ID NO: 33 beyond 
residue 125. 

34. An expression construct comprising the polynucleotide 
according to claim 33 operatively linked to an expression control sequence. 

35. A host cell transformed or transfected with the expression 
construct of claim 34. 

36. A method for producing a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine kinase and 
stimulating tyrosine phosphorylation of Flt4 receptor tyrosine kinase, comprising 
the steps of: 

growing a host cell according to claim 35 under conditions which 
permit expression in said host cell of a polypeptide encoded by said 
polynucleotide; and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell. 

37. A method for producing a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine kinase, 
comprising the steps of: 

growing a host cell according to any one of claims 1,3,4, 5, 7, 
26, or 27 under conditions which permit expression by said host cell of a 
polypeptide that is capable of binding the extracellular domain of human FIt4 
receptor tyrosine kinase, said polypeptide including a domain defined by eight 
conserved cysteines and having homology to vascular endothelial growth factor 
(VEGF) and lacking any domain having cysteine motifs of a Balbiani ring 3 
protein (BR3P); and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell. 

38. A method for producing a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine kinase, 
comprising the steps of: 

growing a host cell according to claim 25 under conditions which 
permit expression by said host cell of a polypeptide encoded by said nucleic 
acid that is capable of binding the extracellular domain of human Fit 4 recept r 
tyrosine kinase; and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell. 



-38- 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Alitalo. Kari 

tfoukov, Vladimir 

(ii) TITLE OF INVENTION: RECEPTOR LIGAND 

(iii) NUMBER OF SEQUENCES: 4 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE; Marshall, O'Toole, Gerstein, Murray & Borun 

(B) STREET: 6300 Sears Tower, 233 South Wacker Drive 

(C) CITY: Chicago 
<D) STATE: Illinois 

<E) COUNTRY: United States of America 

(F) ZIP: 60606-6402 

( v) COMPUTER READABLE FORM: 

(A) MEDI UM TYPE : Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/585,895 

(B) FILING DATE: 12 -JAN- 1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/510,133 
<B) FILING DATE: 01 -AUG- 1995 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/340,011 

(B) FILING DATE: 14 -NOV- 1994 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Gass, David A. 

(B) REGISTRATION NUMBER: 38,153 

(C) REFERENCE /DOCKET NUMBER: 28967/33072 

(ix) TELECOMMUNICATION INFORMATION: 

\ (A) TELEPHONE: 312/474-6300 * 
<B) TELEFAX: 312/474-0448 
(C) TELEX: 25-3856 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEO ID NO ; l. ; 

TGTCCTCGCT GTCCTTGTCT 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 70 base pairs 



(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 
GACTCCTGGA 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 
'(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
ACATGCATGC CCCGCCGGTC ATCC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
CGGAATTCCC CATGACCCCA AC 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S: 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 6: 

ATTTAGGTGA CACTATA 
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(2) INFORMATION FOR SEQ ID NO; 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 0 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Pro Met Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp Asn Gin Thr Asp 
1 5 io 



15 

Ser Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin He Glu Ser Ara 
20 25 30 

His Arg Gin Glu Ser Gly Phe Ara 
3S 40 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 21 base pairs 

(B) . TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CTGGAGTCGA CTTGGCGGAC T 2 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

ixij SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CGCGGATCCC TAGTGATGGT GATGGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC 60 

(2) INFORMATION FOR SEQ ID NO: 11; 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 34 base pairs * 
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(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 
(2) INFORMATION FOR SEQ ID NO: 12; 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTTGCCTGTG ATGTGCACCA 
(2) INFORMATION FOR SEQ ID NO: 13: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu He 
1 S 10 is 

Leu Lys 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCAGARGARA CNATHAA 

(2) INFORMATION FOR SEQ ID NO: IS: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: S amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 
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Glu Glu Thr lie Lys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) -MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GCAYTTNARD ATYTCNGT 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: S amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Thr Glu lie Leu Lys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

ATTCGCTGCA GCACACTACA AC 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 base pairs 
.(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCNGTGTTGT AGTGTGCTG 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 

Ala Ala His Tyr Asn Thr Glu 
1 5 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

. (C) STRAND EDNESS : single 
-(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

TAATACGACT CACTATAGGG 

(2) INFORMATION FOR SEQ ID NO: 22: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

GTTGTAGTGT GCTGCAGCGA ATTT 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Lys Phe Ala Ala Ala His Tyr Asn 
1 5 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

TCACTATAGG GAGACCCAAG C 

(2) INFORMATION FOR SEQ ID NO: 25: 
(i) SEQUENCE CHARACTERISTICS: 



-46- 



60 
120 
180 
219 



&! iSS™*" 219 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
TCACTATAGG GAGACCCAAG CTTGGTACCG AGCTCGGATC CACTAGTAAC GGCCGCCAGT 
GTGGTGGAAT TCGACGAACT CA^ACTGTA CTCTACCCAG AATATTGGAA AATGTACAAG 
TGTCAGCTAA GGCAAGGAGG CTOGCAACAT AACAGAGAAC AGGCCAACCT CAACTCAAGG 
ACAGAAGAGA CTATAAAATT CGCTGCAGCA CACTACAAC 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 18 base pairs 
(B TYPE: nucleic acid 
- . (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
ACAGAGAACA GGCCAACC 

(2) INFORMATION FOR SEQ ID NO: 27: - 18 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

£>■ :£!^ EDNESS; single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

TCTAGCATTT AGGTGACAC 

(2) INFORMATION FOR SEQ ID NO: 28: " 
(i) SEQUENCE CHARACTERISTICS - 

(B TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
AAGAGACTAT AAAATTCGCT GCAGC 

(2) INFORMATION FOR srn rn w 0 :2? : 25 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 20 base pairs 
r nucl «ic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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<ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
CCCTCTAGAT GCATGCTCGA 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

GTTGTAGTGT GCTGCAGCGA ATTT 

(2) INFORMATION FOR SEQ ID NO: 31: 

- (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
TCACTATAGG GAGACCCAAG C 
(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1140 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 37.. 1086 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 136.. 1086 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 

Met Thr Val Leu Tyr Pro 
-33 -30 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 
-2S -20 -15 

CAT AAC AGA GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie 
-10 -5 15 
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EKKSasaaaEKassssa} 

110 115 ! 

aararssssgEgsBgggjj- - 
aasssasaasBssaas « 

160 165 

ssajasssaaassaisgK 
sasgaasKasjasasaaa 

190 195 

ssasasaasaaagaaa -< 

"° 225 

saaasasaaaasiassa - 

240 245 

s^ajasaaaassssssaas - 

255 260 

aafsajaasaagaatssaaa -«« 

270 275 



S34 



582 



678 



726 
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ACA TGC AGC TGT TAG AGA CGG CCA TGT ACG AAC CGC CAG AAG GCT TGT 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
280 285 290 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG TGT CGT TGT GTC CCT TCA 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser 
295 300 305 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT 
Tyr Trp Lys Arg Pro Gin Met Ser 
310 315 

TTTCTATTAT GGAAAACTGT GTTG 



(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 350 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
-33 -30 -25 -20 

Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn Leu Asn Ser 
-15 -10 -5 

Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
1 5 10 IS 

lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
20 ' 25 30 

Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn 
35 " 40 43 

Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
50 S5 60 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 
65 70 75 

Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin Gly Pro Lys 
80 85 90 95 

Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser 
100 105 , 110 

Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg Arg Ser Leu 
115 120 125 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 
130 135 140 

Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala Gin Glu Asp 
145 150 155 

Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
160 165 170 175 

Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys 
180 185 190 



Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro „ is Ly8 »„ 

200 205 

^ *** £j AS " S « CyS Gln ^1 Cys Lys As„ Lys Le u p he Pro 

215 220 

Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr cys Gin Cys 

Val cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 

250 255 
Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 

Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro ^ Thr 

280 28s 

Asn Arg Gin Lys Ala Cy S Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 

295 300 
Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 



315 



(2) INFORMATION FOR SEQ ID NO: 34 : 

(i) SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 2 2 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34; 
TGAGTGATTTGTAGCTGCTGTG 
(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3S: 
TATTGCAGCAACCCCCACATCT 

(2J INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 196 amino acids 

(B) TYPE: amino acid 

(CI STRfiMnPIWucc . i 

(D) TOPOLOGY: not "relevant 



(ii) MOLECULE TYPE: protein 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Met Arg Thr Trp Ala Cys Leu Leu Leu Leu Gly Cys Gly Tyr Leu Ala 
15 10 15 

His Ala Leu Ala Glu Glu Ala Glu lie Pro Arg Glu Leu He Glu Arg 
20 25 30 

Leu Ala Arg Ser Gin He His Ser He Arg Asp Leu Gin Arg Leu Leu 
35 40 45 

Glu He Asp Ser Val Gly Ala Glu Asp Ala Leu Glu Thr Ser Leu Arg 
50 SS 60 

Ala His Gly Ser His Ala He Asn His Val Pro Glu Lys Arg Pro Val 
65 70 75 80 

Pro He Arg Arg Lys Arg Ser He Glu Glu Ala He Pro Ala Val Cys 
85 90 95 

Lys Thr Arg Thr Val He Tyr Glu He Pro Arg Ser Gin Val Asp Pro 
100 105 HO 

' Thr Ser Ala Asn Phe Leu He Trp Pro Pro Cys Val Glu Val Lys Arg 
115 120 125 

Cys Thr Gly Cys Cys Asn Thr Ser Ser Val Lys Cys Gin Pro Ser Arg 
130 135 140 

Val His His Arg Ser Val Lys Val Ala Lys Val Glu Tyr Val Arg Lys 
14S ISO 155 160 

Lvs Pro Lys Leu Lys Glu Val Gin Val Arg Leu Glu Glu His Leu Glu 
Y 165 170 175 

Cys Ala Cys Ala Thr Ser Asn Leu Asn Pro Asp His Arg Glu Glu Glu 
180 185 190 

Thr Asp Val Arg 
195 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 241 amino acids 

(B) TYPE: amino acid 

(C) STRAND ED NESS : not relevant 

(D) TOPOLOGY: not relevant 

<ii) MOLECULE TYPE: protein 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Met Asn Arg Cys Trp Ala Leu Phe Leu Ser Leu Cys Cys Tyr Leu Arg 
15 10 IS 

Leu Val Ser Ala Glu Gly Asp Pro He Pro Glu Glu Leu Tyr Glu Met 
20 2S 30 

Leu Ser Asp His Ser He Arg Ser Phe Asp Asp Leu Gin Arg Leu Leu 
35 40 45 

His Gly Asp Pro Gly Glu Glu Asp Gly Ala Glu Leu Asp Leu Asn Met 
50 55 60 



Thr Arg Ser „ is Ser „ y oly Glu Leu Glu Ser ^ ^ ^ giy 

75 80 
Arg Ser Leu Gly s er ^ ttr ^ ^ ^ ^ ^ ^ ^ ^ 

Cys Lys Thr Arg Thr Glu Val Phe Glu He Ser Arg Arg Le u Ile ^ 

105 110 
Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin 

120 12S 
Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr 

J " S= * 140 
Gin val Gin Leu Arg Pro Val Gin Val Arg Lys He Glu He Val Arg 

15S 160 
Lys Lys Pro lie Phe Lys Lys Ala Thr Val Thr Leu Glu Asp His Leu 

170 175 
. Ala Cys Lys Cys Glu Thr Val Ala Ala Ala Arg Pro Val Thr Arg Ser 

Pro Gly Gly Ser Gin Glu Gin Arg Ala Lys Thr Pro Gin Thr Arg Val 

200 205 

Thr lie Arg Thr Val Arg Val Arg Arg Pro Pro L ys Gly Lys His Arg 

215 220 
Lys Phe Lys His Thr His Asp Lys Thr Ala Leu Lys Glu Thr Leu Gly 



Ala 



2) INFORMATION FOR SEQ ID NO: 38: 

<i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH : 149 amino acids 

(B) TYPE: amino acid 
SJJ^NDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

Ui) MOLECULE TYPE ; protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala Gly 

I-u Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Z Gly 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Zl Trp Gly' 

Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 

* 5 60 
Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro Ser Cys Val Ser Leu 



75 



80 
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Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu Asn Leu His Cys Val Pro 
85 90 95 

Val Glu Thr Ala Asn Val Thr Met Gin Leu Leu Lys He Arg Ser Gly 
100 105 110 

Asp Arg Pro Ser Tyr Val Glu Leu Thr Phe Ser Gin His Val Arg Cys 
US 120 125 

Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Cys Gly Asp 
130 135 140 

Ala Val Pro Arg Arg 
145 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 170 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

' (ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala Gly 
1 5 10 15 

Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Ala Gly 
20 25 30 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Val Trp Gly 
35 40 45 

Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 
50 55 60 

Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro Ser Cys Val Ser Leu 
65 70 75 80 

Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu Asn Leu His Cys Val Pro 
85 90 95 

Val Glu Thr Ala Asn Val Thr Met Gin Leu Leu Lys He Arg Ser Gly 
100 105 110 

Asp Arg Pro Ser Tyr Val Glu Leu Thr Phe Ser Gin His Val Arg Cys 
115 120 125 

Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Arg Arg Pro 
130 135 140 

Lys Gly Arg Gly Lys Arg Arg Arg Glu Lys Gin Arg Pro Thr Asp Cys 
145 150 155 160 

His Leu Cys Gly Asp Ala Val Pro Arg Arg 
165 170 

(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 147 amino acids 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: protein 



- (xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 
1 5 10 IS 

Tvr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 25 30 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
35 . 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp .He Phe Gin Glu 
SO 55 60 

Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
65 70 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 
85 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 HO 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
US 120 12S 

Glu Cvs Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Lys Cys Asp Lys 
130 135 140 

Pro Arg Arg 
145 

(2> INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 191 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 
1 5 10 15 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 

30 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
35 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp He Phe Gin Glu 
50 55 60 
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Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
65 70 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 
85 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 HO 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
115 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Asn Pro Cys Gly 
130 135 140 

Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp Pro Gin Thr 
145 150 155 160 

Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin 
165 170 175 

Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg 
180 ias 190 

INFORMATION • FOR SEQ ID NO : 4 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 215 amino acids 

(B) TYPE : amino acid 

(C) STRAND ED NESS : not relevant 

(D) TOPOLOGY: not relevant " 
(ii) MOLECULE TYPE : protein 



(xi) SEQUENCE DESCRI1 

Met Asn Phe Leu Leu 
1 5 

Tyr Leu His His Ala 
20 

Gly Gly Gin Asn His 
35 

Arg Ser Tyr Cys His 
50 

Tyr Pro Asp Glu He 
65 

Met Arg Cys Gly Gly 
85 

Thr Glu Glu Ser Asn 
100 

Gin Gly Gin His lie 
115 

Glu Cys Arg Pro Lys 
130 



*TION: SEQ ID NO:42: 

Ser Trp Val His Trp Ser 
10 

Lys Trp Ser Gin Ala Ala 
25 

His Glu Val Val Lys Phe 
40 

Pro He Glu Thr Leu Val 
55 

Glu Tyr He Phe Lys Pro 
70 75 

Cys Cys Asn Asp Glu Gly 
90 

He Thr Met Gin He Met 
105 

Gly Glu Met Ser Phe Leu 
120 

Lys Asp Arg Ala. Arg Gin 
135 



Leu Ala Leu Leu Leu 
15 

Pro Met Ala Glu Gly 
30 

Met Asp Val Tyr Gin 
45 

Asp He Phe Gin Glu 
60 

Ser Cys Val Pro Leu 
80 

Leu Glu Cys Val Pro 
95 

Arg He Lys Pro His. 
110 

Gin His Asn Lys Cys 
125 

Glu Lys Lys Ser Val 
140 
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Arg Gly Lys Gly Lys Gly Gin Lys Arg Lys Arg Lys Lys Ser Arg Tyr 
14S ISO 155 160. 

Lys Ser Trp Ser Val Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys His 
165 170 17S 

Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr 
180 185 190 

Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr Cys 
195 200 20S 

Arg Cys Asp Lys Pro Arg Arg 
210 215 

(2) INFORMATION FOR SEQ ID NO: 43; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 232 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: not relevant 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu 
IS 10 IS 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 25 30 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
3S 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp He Phe Gin Glu 
SO 55 60 

Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
6S 70 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 
85 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin He Met Arg He Lys Pro His 
100 105 110 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
115 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Lys Lys Ser Val 
130 135 140 

Arg Gly Lys Gly Lys Gly Gin Lys Arg Lys Arg Lys Lys Ser Arg Tyr 
145 150 155 160 

T.yo Cot- Tm Ser Val Tvr Val Glv Ala Arg Cys Cys Leu Met Pro Trp 
165 " 170 X7D 

Ser Leu Pro Gly Pro His Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys- 
180 185 190 
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His Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn 
195 . 200 205 



Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr 
210 215 220 



Cys Arg Cys Asp Lys Pro Arg Arg 
225 230 



(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1997 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/ KEY : CDS 

(B) LOCATION: 352.. 1608 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 



CCCGCCCCGC 


CTCTCCAAAA 


AGCTACACCG 


ACGCGGACCG 


CGGCGGCGTC 


CTCCCTCGCC 


€0 


CTCGCTTCAC 


CTCGCGGGCT 


CCGAATGCGG 


GGAGCTCGGA 


TGTCCGGTTT 


CCTGTGAGGC 


120 


TTTTACCTGA 


CACCCGCCGC 


CTTTCCCCGG 


CACTGGCTGG 


GAGGGCGCCC 


TGCAAAGTTG ' 


180 


GGAACGCGGA 


GCCCCGGACC 


CGCTCCCGCC 


GCCTCCGGCT 


CGCCCAGGGG 


GGGTCGCCGG 


240 


GAGGAGCCCG 


GGGGAGAGGG 


ACCAGGAGGG 


GCCCGCGGCC 


TCGCAGGGGC 


GCCCGCGCCC 


. 300 


CCACCCCTGC 


CCCCGCCAGC 


GGACCGGTCC 


CCCACCCCCG 


GTCCTTCCAC 


C ATG CAC 


3S7 



Met His 
1 



TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
5 10 15 



405 



CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 25 30 



453 



GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 .40 45 50 



501 



TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 
Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 



549 



GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAG AAG 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
70 75 80 



597 



TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 
Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn 
85 90 95 



645 
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CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 693 
Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr 
100 105 110 

AAT ACA GAG ATC TTG AAA ACT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin 
US 120 125 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 789 
Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lys Glu . Phe Gly Val 
135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys 
ISO 155 160 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT. CTC TCT CAA 933 
Ser Tyr Leu Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin 
,180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg 
195 200 205 210 

TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser lie lie Arg 
215 220 225 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His lie Cys Arg Cys Leu Ala 
245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 300 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 1317 
His Lye Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 315 320 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
32S 330 335 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 1413 
Cys Win Cys vai Lya uyu iU.y mi Cyo Ai^ ™« — *— — 

340 345 350 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 1461 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
355 360 365 370 



PATENT 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): ) Title: RECEPTOR LIGAND 

Alitalo et al. ) 

Serial No: 08/585,895 ) Group Art Unit: 1 801 

Filed: January 12, 1996 ) Examiner: Lathrop, B. 

AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

Transmitted herewith are the following documents for the above application: 

1 . Amendment and Reply Pursuant to 37 C.F.R. 5 5 1.111 and 1.115, including: 

(A) new pages 40-60 comprising a paper copy of a substitute Sequence Listing- 

(B) Exhibits 1,2 and 3; 

2. Computer-readable copy of substitute Sequence Listing; 
3- Statement Pursuant to 37 C.F.R. 1.825(a) and $ 1.825(b); 

4. Declaration under 37 C.F.R. 5 1 .132 of Dr. Kari Alitalo; 

5. Declaration of Biological Culture Deposit in Compliance with Budapest Treaty 
Requirements; 

6. Check in the amount of $475.00 in payment of fee for extension of time; and 

7. Check in the amount of $360 in payment of fee for extra claims. 

CERTIFICATE OF MAII IMfi f37 CFR 1.81 

I hereby certify that this paper and the documents referred to as enclosed therewith are being 
deposited with the United States Postal Service as first class mail, postage prepaid, on November 
26, 1997. in an envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 



1 . Small Entity Status 



B Small entity status has been established and is still effective. 



2. Extension of Time 

B This is a petition for an extension of time under 37 CFR 1.136 for the total number 
of months checked below: 



EXTENSION 
(Months) 


FEE FO 


R LARGE ENTITY 


FEE F0 


R SMALL ENTITY 


One Month 




$110.00 




$55.00 


Two Months 




$400.00 




$200.00 


Three Months 




$950.00 


X 


$475.00 


Four Months 




$1,510.00 




$755.00 



If an additional Extension of Time is required, please consider this a petition therefor. 



Extension Fee: $ 475.00 



O An extension for month's) 

has already been secured and the fee 

paid therefor of $ is 

deducted from the total fee due for the 
total months of extension now 
requested. 

^ Deduction: $0 

Extension Fee Due With This Request $ 475.00 



3. Fee for Claims 

The fee for additional claims [(37 CFR 1.16(b)-(dH has been calculated as shown below: 









SMALL ENTITY 


OTHER THAN A 




Claims 
Remaining 
After 
Amendment 


Highest No. 
Previously Paid For 


Present 
Extra 


Rate 


AdditionaJ 
Fee 


Rate 


~i 

Additional 
Foe : 

j 


TOTAt 


33 


MINUS I 20 


13 


XII - 


$143 


X22- 




tNDEP. 


5 


MINUS 1 -3 


2 


X41 « 


$82 


X82« 


* 




First Presentation 


of Multiple Oependent Claim 


+ 135- 


$135 


+ 270« 




TOTAL ADDITIONAL FEE 


*360 I 


OR 





Method of Payment of Fees 

Attached are checks in the amount of $475 and $360. 

□ Charge Deposit Account No. 13-2855 
in the amount of: 

A copy of this Transmittal is enclosed. 



Deposit Account and Refund Authorization 

Ir h Lv°,H^ SSi Tr jS h !'l b V authori2ed t0 chaf 9 e ^ny deficiency in the amount enclosed 
or any agonal fees wh.ch may be required during the pendency of this application under 

enclosed T ° P ° Sit ACC ° UnC N °* 13 " 2855 - A C °PV of this Transmittal is 

TddreLTelow ° Verpavment to Marshall. O'Toole. Gerstein. Murray & Borun at the 

Respectfully submitted. 

MARSHALL. tVTOOLE, GERSTEIN, 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(3121474-6300 



By: 



David A. Gass 
Reg. No: 38,153 



n 

* ■ 



November 26, 1997 



PATENT °^ 
28967/33072 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Title: RECEPTOR LIGAND 



Applicant(s): 
Alitalo et al. 
Serial No: 08/585,895 
Filed: January 12, 1996 



Group Art Unit: 1801 
Examiner: Lathrop, B. 



AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir. 

Transmitted herewith are the following documents for the above application: 

1 . Amendment and Reply Pursuant to 37 C.F.R. § § 1 .1 11 and 1 .1 1 5, including- 
™ ?*?r J 3 * 9 ?* 40 ' 60 comprising a paper copy of a substitute Sequence Listing- 
(o) Exhibits 1,2 and 3; . 

2. Computer-readable copy of substitute Sequence Listing; 

3. Statement Pursuant to 37 C.F.R. 1.825(a) and § 1.825(b); 

4. Declaration under 37 C.F.R. 5 1 .1 32 of Dr. Kari Alitalo; 

5. Declaration of Biological Culture Deposit in Compliance with Budapest Treaty 
Requirements; ' 

6. Check in the amount of $475.00 in payment of fee for extension of time; and 

7. Check in the amount of $360 in payment of fee for extra claims. 
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2023 1 m a " enVG,0pe addressed to the Assistant Commissioner for Patents, Washington, D.C. 
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As a below ouwi inventor. I hereby declare that my residence, post office address end citizenship are as stated below acxi 
to my n-«~; I believe that I am an original, first and joint inventor of the subject matter which is claimed and for which a patent U 
sought on the invention entitled 'RECEPTOR UCAND." the specification of which was filed as Application Serial No. 0S/M5 .895. 
I hereby state that I have reviewed and understand the contents of the above-tdentiRed specification, i nrhwtin g the claims, as amende*' 
by an ■ nrnd tr n * attached hereto. I acknowledge the duty to disclose to the Patent and Trademark Office all information known tt 
me to be material to patentability as defined in 37 CFJL |l-56. 
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«w of any PCT international application(s) designating at least one country other than the United States of America listed below end . 
ave also identified below any foreign appticatkm(s) for patent or inventor's certificate or any PCT international application*, s; 
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| hereby claim the benefit under 35 U.S.C. } 1 19(e) of any United States provisional application(s) listed below: 
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I hereby claim the benefit under 35 U.S.C. {120 of any United States application's} or PCT international applicatton(i) 
designating the United States of America listed below and. insofar as the subject matter of each of the claims of this application ir 
not disclosed in the prior application^) in the manner provided by the first paragraph of 35 U.S.C. JU2. I acknowledge the duij 
to disclose to the Office alt information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurrcj 
between the filing date of the prior application s) and the national or PCT international filing date of this application: V 
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I hereby dec lire that all statements made herein of my own knowledge are true and that alt statements made oo in format ioi 
and belief are believed to be true: and further thai these statements were made with the knowledge that willful false statements anj 
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jeopardize, the validity of the application or any patent issued thereon. 
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I hereby certify that this paper is being 
deposited with the United States Postal 
Service as first class mail, postage 
prepaid, in an envelope addressed to: 
Assistant Commissioner for Patents 
Washington, D.C. 20231, on this date: 

Dated: M« 26. ATI 



David A. Gass 
Registration No. 38,153 



DECLARATION OF BIOLOGICAL CULTURE DEPOSIT 
IN COMPLIANCE WITH BUDAPEST TREATY REQUIREMENTS 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, the undersigned, declare that: 

1. I am an inventor of the subject matter of the above-identified patent 

application. 

2. The plasmid designated FLT4-L, described in the specification of the above- 
identified application at pages 28-29 (and elsewhere), was deposited on 24 July 1995 with 
the American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, Maryland 
20852, under the terms of the Budapest Treaty. This plasmid was assigned ATCC accession 
number 97231. A copy of the ATCC deposit receipt, confirming viability of the deposit, is 
attached hereto. 



3. 



With respect to the permanence of the deposit, the ATCC is an official 



depository in accordance with the Budapest Treaty for the above-deposited material, and 1 
affirm that, should the plasmid identified in paragraph 2 mutate, become non-viable, or be 
inadvertently destroyed, I will replace it for at least thirty (30) years from the date of the 
original deposit, or for at least five (5) years from the date of the most recent request for 
release of a sample, or for the enforceable life of any patent issued on the above-mentioned 
application, whichever period is longest. 

4. With respect to availability of the plasmid identified in paragraph 2, 1 affirm 
that the deposit has been made under conditions of assurance of (a) ready accessibility thereto 
by the public if an enforceable patent is granted whereby all restrictions to the availability 
to the public of the culture so deposited will be irrevocably removed upon the granting of the 
patent [MPEP §608.01 (p)] t and (b) access to the deposit will be available during pendency 
of the patent application to one determined by the Commissioner to be entitled thereto under 
37 C.F.R. §1.14 and 35 U.S.C. §122. 



knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful, false 
statements and the like so made are punishable by fine or imprisonment, or both under 
Section 1001 of Title 18 of the United States Code, and that such willful, false statements 
may jeopardize the validity of the application or any patent issued thereon. 



5. 



I hereby further declare that all statements made herein of my own 





Date 



Kari Alitalo 



r 

I.: 



University of Helsinki 
Attention: Kari Alitalo 
Molecular/Cancer Biology Laboratory 
P.O. Box 21 (Haartmaninkatu 3) 
SF-00014, HELSINKI, FINLAND 



Signature of person having authority to represent ATCC: 



Date: August 9. 1995 



Anrfet^e L. Bade. Director. Patent Depository 
Thomas C. Meyers 



IS) American Type Culture Collection 'p 

1X301 PutUw Drfe* • RocfcvOlc. MD 20152 USA • Telephone: (3«I)U1-SS20 Trt*x: IM4SS ATCCNORTH • FAX: JOI-770-2ST7 

BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF f 

THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE L ~ ; 

INTERNA TtONA L FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 } 

AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 ^ 

To: (Name and Address of Depositor or Attorney) : W) 



Deposited on Behalf of: Kari Alitalo and Vladimir Joukov j 
Identification Reference by Depositor: ATCC Designation I J 

Plasmid. FLT4-L 97231 

- • : 

The deposit was accompanied by: a scientific description a proposed taxonomic description v^, 1 

indicated above. " (jj 

The deposit was received July 24. 1995 by this International Depository Authority and has been : 
accepted. J tp) 

AT YOUR REQUEST: tJ 

X We will not inform you of requests for the strain. . 

The strain will be made available if a patent office signatory to the Budapest Treaty certifies one's right 
to receive, or if a U.S. Patent is issued citing the strain and ATCC is instructed by the United States 
Patent & Trademark Office or.ihe depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit, it shall be your , |;. ; 
responsibility to replace it with living culture of the same. . f£i 

The strain will be maintained for a period of at least 30 years after the date of deposit, and for a period 

of at least five years after the most recent request for a sample. The United States and many other ; f ^ 

countries are signatory to the Budapest Treaty. f \ 

The viability of the culture cited above was tested August 1. 1995 . On that date, the culture was t 
viable. : ' 

A 

Internal ional Depository Authority: American Type Culture Collection, Rockville. Md. 20852 USA 
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In re Application of: 
Alitalo et al. 
Serial No. 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR LIGAND 
Art Unit: 1801 
Examiner: Lathrop, B. 



I hereby certify that this paper is 
being deposited with the United 
States Postal Service as first class 
mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C. 20231, on this 
date: 



David A. Gass 

STATEMENT PURSUANT TO 37 C.F.R. 51.825(a) and §1.825(bl 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I hereby state that the content of the paper and computer-readable 
forms of the substitute Sequence Listing submitted herewith, for entry as part 
of the above-identified application, are the same as each other and do not 
introduce new matter into the disclosure of the application. All of the 
amendments embodied in the substitute Sequence Listing filed herewith find 
support in the application as originally filed. 

SEQ ID NOs: 1-31 and 34-35 of the original and substitute 
Sequence Listings are identical. Therefore, no new matter has been introduced 
in these sequences. 

SEQ ID NOs: 36-43 have been added to the substitute Sequ nee 
Listing pursuant to instructions from the Patent Ottice xo inciuue z>eMuer.c63 
therein that are depicted in Figure 10 of the application. Because these eight 
sequences all find support in Figure 10 as originally filed, they do not introduce 



new matter. Appropriate cross-references to SEQ ID NOs: 36-43 have been 
included in the brief description of the drawing. 

SEQ ID NOs: 32-33 of the original and substitute Sequence 
Listings are identical. However, the amino acid numbering of these sequences 
has been amended in the substitute sequence listing by identifying the 34th 
residue in the substitute sequence listing as residue 1. (In the original sequence 
listing, the 33rd residue was identified as residue 1.) This amendment finds 
support throughout the specification as originally filed. For example, the 
description of the amino terminus of a mature form of VEGF-C is found in the 
specification at p. 23, lines 5-10, and is confirmed at page 25, line 27, to page 
26; line 6 (from which it is apparent that the first 46 codons comprise 33 
"signal sequence" residues and 13 amino acid residues of a secreted Flt4 
ligand).' From these excerpts of the specification that identify the amino 
terminus of a mature VEGF-C protein, it is clear that the residues of SEQ ID NO: 
33 as originally filed were misnumbered by one residue. Because the error and 
its proper correction are apparent from the specification as originally filed, the 
corrections to SEQ ID NOs; 32-33 do not introduce new matter. 

SEQ ID NOs: 44-45 of the substitute Sequence Listing depict a 
1 997 base pair nucleotide sequence and a deduced amino acid sequence of a 
cDNA that was deposited with the ATCC and cross-referenced at pp. 28-29 of 
the patent application as filed. These sequences are inherent properties of the 
deposited plasmid and thus find support in the deposited plasmid itself. See 
Kennecott Corp. v. Kyocera International Inc. 5 U.S.P.Q.2d 1194 (Fed. Cir. 
1987) (The express description of an inherent property is not new matter and 
can be added to a specification with effect as of the original filing date); in re 
Lundak, 227 U.S.P.Q. 90 (Fed. Cir. 1985); see also Declaration under 37 C.F.R. 
§1.132 of Dr. Kari Alitalo (filed herewith) at 11 2-5. 

In accordance with 37 C.F.R. 51.68. I hereby declare that the 
foregoing statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false 
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statements and the like so made are punishable by fine or imprisonment/ or 
both, under Section 1 001 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, IL 60606-6402 

Telephone: (312)474-6300 





David A. Gass 
Registration No. 38,153 
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DECLARATION UNDER 37 C.F.R. §1.132 OF DR. KARI ALITALO 

1. I am a co-inventor of the above-identified U.S. Patent Application 
(hereinafter "the patent application"). I am familiar with the Office action from the U.S. 
Patent and Trademark Office dated May 28, 1997, in the patent application. I am making 
this declaration to provide facts and evidence to the Patent Office that may be relevant to 
the issues and rejections raised in the Office action. 

Isolation of VEGF-C protein an d cDNA 

2. The present invention relates generally to a protein ligand for Flt4 
receptor tyrosine kinase (VEGFR-3), which our research team has designated "VEGF-C.- 
As taught in Example 14 of the patent application, VEGF-C also stimulates KDR/Flk-1 
receptor tyrosine kinase (VEGFR-2). Our research team purified a VEGF-C protein that 
we discovered in conditioned media from a PC-3 prostatic adenocarcinoma cell line. We 
demonstrated that this protein bound to the extracellular domain of Flt4 and stimulated 
FIt4 phosphorylation. (See the patent application at Examples 4-5, for example.) Using 
SDS polyacrylamide gel electrophoresis, the VEGF-C protein was originally determined 
to have a molecular weight of about 23 kilodaltons. This measurement is in good 



agreement with subsequent measurements of VEGF-C that we have recombinantly 
expressed in multiple cell lines, where we have determined the molecular weight to be 
about 21-23 kD.) 

3. We sequenced the amino terminus of this purified VEGF-C protein as 
taught in the patent application in Example 5. (See especially p. 23.) I hereby reaffirm 
that our sequencing data from this protein is correctly reported in the patent application at 
p. 23 and in SEQ ID NO: 13. 

4. As taught in Examples 6-10 of the patent application, we used the 
amino terminal amino acid sequence taught in the patent application to obtain a cDNA 
encoding VEGF-C. A plasmid containing the cDNA that is described in Example 1 1 of 
the patent application was deposited with the American Type Culture Collection and 
accorded ATCC accession number 97231. 

5. The patent application describes a partial nucleotide sequence and a 350 
amino acid open reading frame of the deposited VEGF-C cDNA. (See SEQ ID NOs: 32 
and 33 of the patent application.) In the amendment filed herewith, these sequences have 
been amended such that the designation of residue " 1 " therein corresponds with the first 
residue of VEGF-C purified from PC-3 conditioned medium as described in the patent 
application. (See also paragraph 3, above.) Amended SEQ ID NOs: 32-33 are attached 
hereto as Exhibit A. Complete sequencing of the cDNA subsequently demonstrated that 
the translated open reading frame is actually 419 amino acids: it extends 69 codons 
upstream of what is reported in SEQ ID NO: 33. Attached hereto as Exhibit B is a 1997 
nucleotide sequence of the cDNA that was deposited with the ATCC. Exhibit B also 
depicts the deduced 419 amino acid open reading frame. These sequences have been 
added to the patent application as SEQ ID NOs: 44 and 45. I shall use the term "prepro- 
VEGF-C" herein to refer to a polypeptide consisting of this 419 amino acid sequence. 

6. As taught in the patent application (e.g., at p. 11), the carboxyl- 
leriimiai anm.G acid sequences needed by the vraw-C cDNA show a pattern of spacing 
of cysteine residues reminiscent of the Balbiani ring 3 protein (BR3P) sequence that was 
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known in the art. (See Dignam and Case, Gene, 88: 133-40 (1990); and Paulsson, et a/., 
J. MoL Biol., 2ii.*331-49 (1990), both of record and cited in the patent application). The 
distinctive BR3P cysteine motifs (Cys-Xaa^Cys-Xaa-Cys-Xaa-Cys, wherein Xaa is any 
residue and n is variable) occur at least four times in the carboxy-terminal portion of 
VEGF-C (see Cys residues in Exhibit B at positions 280, 291, 293, and 295; positions 
304, 315, 317, and 319; positions 328, 339, 341, and 343; and positions 347, 358, 360, 
and 362). 

VEGF-C processing and determination of 
VEGF-C fragments that bind to Flt4. 

7. The Patent application teaches that the protein encoded by the VEGF-C 

gene is proteolytically processed, and teaches procedures to characterize this processing, 

such, as analysis using antibodies and pulse-chase experiments. The application further 

teaches to screen truncated forms of VEGF-C (e.g. , deletion fragments) to determine the 

portions of VEGF-C that are necessary to bind and stimulate FU4. (See, e.g., pp. 29- 30 

of the patent application.) Using techniques such as those described at pp. 29-30 of the 

patent application and mutational analysis, our research team has extensively characterized 

the processing of human prepro- VEGF-C in mammalian cell lines. 

A. Our results from pulse-chase experiments indicate that the 
apparent first proteolytic processing of human prepro- VEGF-C involves 
cleavage of a signal peptide of about 31 residues, leaving residues 32-419 
(hereinafter "pro- VEGF-C). Pro- VEGF-C has an apparent molecular 
weight of about 55-58 kD. 

B. We next observed that pro- VEGF-C is cleaved, either 
intracellularly or at the cell surface, into polypeptides of about 29 kD and 
about 31-32 kD (when assessed by SDS-PAGE under reducing conditions). 
The — 32 kD polypeptide binds the extracellular domain of Flt4 receptor 
tyrosine kinase with high affinity. (See Example 13 of the patent 
application.) The -32 kD polypeptide was purified with immunoaffinity 
chromatography using an anti-VEGF-C antibody. The ammo-terminus of 



this purified polypeptide was determined to correspond to position 32 of the 
sequence shown in Exhibit B. Thus, the -32 kD polypeptide represents 
the ammo-terminal product of this proteolytic cleavage. Sequencing of the 
— 29 kD polypeptide indicated that cleavage occurred after amino acid 227 
of the 419 amino acid sequence depicted in Exhibit B. (Amino acid 227 
corresponds to residue 125 of SEQ ID NO: 33 in the patent application 
(Exhibit A).) This carboxy-terminal fragment of about 29 kD presumably 
includes residues 228-419 of the sequence depicted in Exhibit B (residues 
126-317 of SEQ ID NO: 33). Thus, the -29 kD polypeptide includes all 
of the Balbiani ring 3 protein cysteine motifs of VEGF-C (see paragraph 6 
above). These results indicate that polypeptide fragments of the sequences 
depicted in Exhibits A or B that lack any domain having cysteine motifs of 
a Balbiani ring 3 protein (e.g., that lack the -29 kD carboxy-terminal 
fragment) remain capable of binding with the extracellular domain of FU4. 

C. We also have observed forms of VEGF-C that reflect further 
proteolytic processing at the amino terminus. For the purpose of this 
declaration, I shall collectively refer to forms of VEGF described below as 
"mature VEGF-C.** 

i. As indicated in paragraph 3, above, VEGF-C isolated from 
conditioned medium of PC -3 cells has an amino terminus 
corresponding to amino acid 103 in Exhibit B (i.e., amino acid 1 of 
SEQ ID NO: 33 (Exhibit A)). 

ii. We have sequenced VEGF-C that was recombinantly expressed in 
293-EBNA cells (as described in Example 1 1 of the patent 
application) and determined that the amino terminus of this form 
corresponds with position 1 12 of the sequence shown in Exhibit B 
(i.e., position 10 of SEQ ID NO: 33 (Exhibit A)). 



8. Our research team modified the human VEGF-C cDNA to 
recombinantly produce a fragment consisting of amino acids 104-213 of the 419 amino 
acid polypeptide in yeast (i.e., residues 2-111 of SEQ ID NO: 33). This fragment was 
shown to bind Flt4 and stimulate phosphorylation of both Flt4 (VEGFR-3) and KDR 
(VEGFR-2). In another experiment, a fragment lacking residues 1-1 12 of the 419 amino 
acid polypeptide retained receptor binding activity. 

9. Collectively, the experimental results described in the preceding 
paragraphs indicate that polypeptides lacking amino acids 1-112 and 214-419 of the 419 
residue amino acid sequence shown in Exhibit B retain FU4 binding and stimulating 
activities. Stated differently, we have experimental evidence to indicate that a polypeptide 
corresponding to positions 11-1 12 of SEQ ID NO: 33 will retain Flt4 binding and 
stimulating activities. Moreover, one skilled in the art understands from the patent 
application how to perform receptor binding and phosphorylation assays, to localize 
further the portion of SEQ ID NO; 33 that is required for activity. 

The application enables one to obtain 
VEGF-C-encoding cDNAs from non-human sources 

10. I infer from page 5 of the Office action that the Patent Office has 
rejected a claim of the application in part because of the lack of a claim limitation with 
respect to the source animal for VEGF-C. This section of the declaration provides 
evidence that the teachings in the patent application of a human VEGF-C cDNA, 
combined with the teachings that VEGF-C protein binds Flt4 (VEGFR-3) and VEGFR-2, 
enable one to obtain VEGF-C-encoding cDNAs from non-human sources. 

11. To clone a murine VEGF-C cDNA, approximately 1 x 10 6 
bacteriophage lambda clones of a commercially-available 12 day mouse embryonal cDNA 
library (lambda EXIox library, Novagen, catalog number 69632-1) were screened with a 
radiolabeled fragment of human VEGF-C cDNA containing nucleotides 495 to 1661 of 
the nucleotide sequence shown in Exhibit B. One positive clone was isolated. 
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12. A 1323 bp EeoTtltHintSSR fragment of the insert of the isolated mouse 
cDNA clone was subcloned into the corresponding sites of the pBluescript SK+ vector 
(Stiatagene) and sequenced. The cDNA sequence of this clone was homologous to the 
human VEGF-C sequence reported herein, except that about 710 bp of 5 '-end sequence 
present in the human clone was not present in the mouse clone. 

13. For further screening of mouse cDNA libraries, a Hiridm-BstXl 
(Hindm site is from the pBluescript SK+ poly linker) fragment of 881 bp from the coding 
region of the mouse cDNA clone was radiolabeled and used as a probe to screen two 
additional mouse cDNA libraries. Two additional cDNA clones from an adult mouse 
heart ZAP II cDNA library (Stratagene, catalog number 936306) were identified. Three 
additional clones also were isolated from a mouse heart 5 '-stretch-plus cDNA library in 
Xgtll (Clontech Laboratories, Inc., catalog number ML5002b). Of the latter three 
clones, one was found to contain an insert of about 1 .9 kb. The insert of this cDNA 
clone was subcloned into EcoRI sites of pBluescript SK+ vector and both strands of this 
clone were completely sequenced, resulting in the nucleotide and deduced amino acid 
sequences shown in Exhibit C. It is expected that the mouse VEGF-C polypeptide 
depicted in Exhibit C is processed into a mature mouse VEGF-C protein, in a manner 
analogous to the processing of the human p rep ro- VEGF-C. 

14. The foregoing results demonstrate the utility of human VEGF-C- 
encoding polynucleotides of the invention for identifying and isolating polynucleotides 
encoding other non-human mammalian VEGF-C proteins. Such identified and isolated 
polynucleotides, in turn, can be expressed (using procedures similar to those described in 
the patent application for human VEGF-C) to produce recombinant polypeptides 
corresponding to non-human mammalian forms of VEGF-C. 

15. The identity of the mouse protein as VEGF-C was confirmed by 
recombinantly expressing the above-described mouse cDNA, and analyzing the expressed 
proteins. 



A. The 1.8 kb mouse VEGF-C cDNA was cloned as an EcoJtl fragment 
into the retroviral expression vector pBabe-puro containing the SV40 early . 
promoter region (Morgenstern et al., NucL Acids Res., 75:3587-3595 (1990)], and 
transfected into the Bosc23 packaging cell line [Pearet et aL, Proc. NatL Acad. 
Sci. (USA), .90:8392-8396 (1994)] by the calcium-phosphate precipitation method. 
For comparison, Bosc23 cells also were transfected with the previously-described 
human VEGF-C construct in the pREP7 expression vector. The expressed 
proteins were immunoprecipitated with polyclonal antibodies raised against mature 
human VEGF-C. 

B. Immunoprecipitation of VEGF-C from media of transfected and 
metabolically-Iabelled cells revealed bands of approximately 30-32x1 0 3 M r (a 
doublet) and 22-23X10 3 M r in 12.5% SDS-PAGE. These bands were not detected 
in samples from nontransfected or mock-transfected cells. These results 
demonstrate that antibodies raised against human VEGF-C recognize the 
corresponding mouse protein. 

C. For receptor binding experiments, 1 ml aliquots of media from 
metabolically-Iabelled Bosc23 cells were incubated with VEGFR-3 extracellular 
domain, covalently coupled to sepharose, for 4 hours at 4°C with gentle mixing. 
(See Examples 4 and 5 in the patent application.) The sepharose beads were 
washed four times with ice-cold phosphate buffered saline (PBS), and the samples 
were analyzed by gel electrophoresis as described in Joukov et al, EMBO 
75:290-298 (1996). 

D. . Similar 30-32 x 10 3 M r doublet and 22-23 x 10 3 M, polypeptide 
bands were obtained in the receptor binding assay as compared to the 
immunoprecipitation assay. In additional experiments, mouse VEGF-C 
appeared to be a potent inducer of VEGFR-3 autophosphorylation, too. 
Thus, the putative mouse VEGF-C binds and stimulates human VEGFR-3, 
confirming its identity. The slightly faster mobility of the mouse VEGF-C 
polypeptides that was observed may be caused by the four amino acid 
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residue difference observed in sequence analysis (residues H88-E91). 
Murine VEGF-C appeared to bind VEGFR-2 with lower affinity. 

16. The human VEGF-C cDNA also was used to design probes for 
successfully isolating a quail VEGF-C cDNA from a quail cDNA library. A fragment of 
the human VEGF-C cDNA comprising nucleotides 495-1661 of Exhibit B was obtained 
by PCR amplification, cloned into the pCRII vector (Invitrogen) according to the 
manufacturer's instructions, and amplified. The insert was isolated by Eco RI digestion 
and preparative gel electrophoresis and then labelled using radioactive dCTP and random 
priming. A cDNA library made from quail embryos of stage E-4 in pcDNA-1 vector 
(Invitrogen) was then screened using this probe. About 200,000 colonies were plated and 
filter replicas were hybridized with the radioactive probe under reduced stringency 
conditions (washes at 42°C with a wash solution comprising 2x SSC/0. 1 % SDS). Nine 
positive clones were identified and secondarily plated. Two of the nine clones hybridized 
in secondary screening. The purified clones (clones 1 and 14) had approximately 2.7 kb 
Eco RI inserts. Both clones were amplified and then sequenced using the T7 and SP6 
primers (annealing to the vector). In addition, an internal Sph I restriction endonuclease 
cleavage site was identified about 1 .9 kb from the T7 primer side of the vector and used 
for subcloning 5*- and 3*- Sph I fragments, followed by sequencing from the Sph I end of 
the subclones. The sequences obtained were identical from both clones and showed a 
high degree of similarity to the human VEGF-C coding region. Subsequently, walking 
primers were made in both directions and double-stranded sequencing was completed for 
1743 base pairs, including the full-length open reading frame. 

17. The cDNA sequence obtained includes a long open reading frame and 
5' untranslated region. The DNA and deduced amino acid sequences for the quail cDNA 
are set forth in Exhibit D. Studies performed with the putative quail VEGF-C cDNA 
have shown that its protein product is secreted from transfected cells and interacts with 
avian VEGFR-3 and VEGFR-2, further confirming the conclusion that the cDNA encodes 
a quail VEGF-C protein. 



18. As shown in Exhibit E, the human, murine, and avian (quail) VEGF-C 
precursor amino acid sequences share a significant degree of conservation. This high 
degree of homology confirms the likelihood of success of attempts to isolate VEGF-C 
encoding sequences from other species, especially vertebrate species, and more 
particularly mammalian and avian species, using human VEGF-C-encoding 
polynucleotides taught in the patent application as probes and using standard molecular 
biological techniques. The identity of putative VEGF-C-encoding cDNAs is confirmed 
using receptor binding studies such as the studies described in the patent application. 

Certification 

19. I hereby further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful, false 
statements and the like so made are punishable by fine or imprisonment, or both under 
Section 1001 of Title 18 of the United States Code, and that such willful, false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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EXHIBIT A 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 2 : 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATQ ACT GTA CTC TAC CCA 
^^-^ Met Thr Val Leu Tyr Pro 

-33 -30 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lye Gly Gly Trp Gin 
•25 -20 -15 

CAT AAC AGA GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr He 
-10 -5 15 

AAA TTT GCT GCA GCA CAT TAT AAT ACA GAG ATC TTG AAA AGT ATT GAT 
Lvs Phe Ala Ala Ala His Tyr Asn Thr Glu He Leu Lys Ser He Asp 
^ 10 15 20 

AAT GAG TGG AGA AAG ACT CAA TGC ATG CCA CGG GAG GTG TGT ATA GAT 
Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu Val Cys He Asp 
25 30 35 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT. AAA CCT CCA 
Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
40 45 50 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 
Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 
55 60 65 

CAG TGC ATG AAC ACC AGC ACG AGC TAC CTC AGC AAG ACG TTA TTT GAA 
Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
70 75 80 85 

ATT ACA GTG CCT CTC TCT CAA GGC CCC AAA CCA GTA ACA ATC AGT TTT 
He Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe 
90 95 100 

GCC AAT CAC ACT TCC TGC CGA TGC ATG TCT AAA CTG GAT GTT TAC AGA 
Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
105 110 115 

CAA GTT CAT TCC ATT ATT AGA CGT TCC CTG CCA GCA ACA CTA CCA CAG 
Gin Val His Ser He lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin 
120 125 130 

TGT CAG GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 
Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 
135 140 145 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 
His He Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 
ISO 155 160 165 

GCT GGA GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 
Ala Gly Asp Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn 
170 175 180 

AAG GAG CTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 
Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
185 190 195 

CGG CCT CCC -\CC TCT CCJV CCC CPJC * aa Raa CTA GAC AGA AAC TCA TGC 
Arg Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys 
200 205 210 
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822 



870 



918 



1062 



1116 



1140 



200 205 210 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT S?** &on 
G^ Cys Val Cys Lys Asn Lyo Leu Phe Pro Ser Gin Cys Gly Ala Asn 
2X5 220 225 

CGA GAA TTT GAT GAA AAC ACA TGCCAGTGTGTATGTAAAAGAACC TGC 
Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys 
230 235 240 

CCC AGA AAT CAA CCC CTA AAT CCT GGA AAA TGT GCC TGT GAA TGT ACA 
Pro A^ £an Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 

-„ ncr CCA CAG AAA TGC TTG TTA AAA GGA AAG .AAG TTC CAC CAC CAA 966 
^r m £n SS Leu Leu Lys Gly Lys Lys Phe His His Gin 

265 270 275 

ACA TGC AGC TGT TAC AGA CGG CCA TGT ACG AAC CGC CAG AAG ^ TCT 1014 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
280 285 290 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG S**^ rvf^ Pro Ser 

Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser 
295 300 305 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT 
Tyr Trp Lys Arg Pro Gin Met Ser 
310 315 

TTTCTATTAT GGAAAACTGT GTTG 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 350 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
-33 -30 -25 -20 

Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn Leu Asn Ser 
-15 -10 -5 

Arc* Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
1 5 10 15 

He Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
.20 25 30 

Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn 
35 40 45 

Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
50 55 60 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 
65 70 7S 

Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin Gly Pro Lys 
80 85 90 95 
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Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cya Arg Cys Met Ser 
100 105 110 

Lys Leu Asp Val Tyr Arg Gin Val His Ser lie lie Arg Arg Ser Leu 
115 120 125 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 
130 135 140 

Asn Tyr Met Trp Asn Asn His lie Cya Arg Cys Leu Ala Gin Glu Asp 
145 150 1SS 

Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
160 165 170 175 

Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys 
180 185 190 

Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 
195 200 205 

Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 
210 215 220 

Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr . Cys Gin Cys 
22S 230 23S 

Val Cys" Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 
240 245 250 255 

Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 
260 265 270 

Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 
275 280 285 

Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 
290 295 300 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
305 310 315 
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EXHIBIT p 

CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC 60 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC 120 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 180 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 240 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 357 

Met: His 
1 

TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 405 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
5 10 15 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 453 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 25 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT SOI 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35. 40 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 549 
Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAG AAG 597 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
70 75 80 

TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 645 
Cys Gin Leu Arg Lys Gly Gly Trp Gin Hie Asn Arg Glu Gin Ala Aon 
85 90 9S 

CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 693 
Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr 
100 105 110 

AAT ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu lie Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin 
115 120 125 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 789 
Cys Met Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly Val 
135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys 
150 155 160 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG * 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT CTC TCT CAA 933 
Ser Tyr Leu Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin 
180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lye Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg 
195 200 205 210 
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TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser lie lie Arg 
215 220 225 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala 
245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 300 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 1317 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 31S 320 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 330 335 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 1413 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 3S0 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA ACT CCA CAG AAA TGC TTG 1461 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
355 360 365 370 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 1509 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 380 385 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT ACT 1557 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 395 400 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 1605 
Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
405 410 415 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTTCTATTAT GGAAAACTGT 1658 



GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG TGGGTCCATG CTAACAAAGA 
CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 
TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTTCC 
TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTGTTTCT 
GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT 



1718 
1778 
1838 
1898 
1958 
1997 
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pXHTBTT C 

Mouse VEGF-C cDNA and deduced amino acid Beouence 

GCGGCCGCGT CGACGCAAAA GTTGCGAGCC GCCGAGTCCC GGGAGACGCT CGCCCAGGGG 60 

GGTCCCCGGG AGGAAACCAC GGGACAGGGA CCAGGAGAGG ACCTCAGCCT CACGCCCCAG 120 

CCTGCGCCAG CCAACGGACC GGCCTCCCTG CTCCCGGTCC ATCCACC ATG CAC TTG 176 

Met His Leu 
1 

CTG TGC TTC TTG TCT CTG GCG TGT TCC CTG CTC GCC GCT GCG CTG ATC 224 
Leu Cys Phe Leu Ser Leu Ala Cys Ser Leu Leu Ala Ala Ala Leu He 
5 10 IS 

CCC ACT CCG CGC GAG GCG CCC GCC ACC GTC GCC GCC TTC GAG TCG GGA 272 
Pro Ser Pro Arg Glu Ala. Pro Ala Thr Val Ala Ala Phe Glu Ser Gly 
20 25 30 35 

CTG GGC TTC TCG GAA GCG GAG CCC GAC GGG GGC GAG GTC AAG GCT TTT 320 
Leu Gly Phe Ser Glu Ala Glu Pro Asp Gly Gly Glu Val Lye Ala Phe 
40 45 50 

GAA GGC AAA GAC CTG GAG GAG CAG TTG CGG TCT GTG TCC AGC GTA GAT 368 
Glu Gly Lye Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val Aop 
55 60 65 

GAG CTG ATG TCT GTC CTG TAG CCA GAC TAG TGG AAA ATG TAG AAG TGC 416 
Glu Leu Met Ser Val Leu Tyr Pro Asp Tyr Trp Lye Met Tyr Lys Cye 
70 75 80 

CAG CTG CGG AAA GGC GGC TGG CAG CAG CCC ACC CTC AAT ACC AGG ACA 464 
Gin Leu Arg Lys Gly Gly Trp Gin Gin Pro Thr Leu Asn Thr Arg Thr 
85 90 95 

GGG GAC ACT GTA AAA TTT GCT GCT GCA CAT TAT AAC ACA GAG ATC CTG 512 
Gly Asp Ser Val Lys Phe Ala Ala Ala His Tyr Asn Thr Glu He Leu 
100 105 HO 115 

AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA TGC ATG CCA CGT GAG 560 
Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu 
120 125 130 

GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GCA GCC ACA AAC ACC TTC 608 
Val Cys lie Asp Val Gly Lys Glu Phe Gly Ala Ala Thr Asn Thr Phe 
. 135 140 145 

TTT AAA CCT CCA TGT GTG TCC GTC TAG AGA TGT GGG GGT TGC TGC AAC 656 
Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn 
150 155 160 

AGC GAG GGG CTG CAG TGC ATG AAC ACC AGC ACA GGT TAG CTC AGC AAG 704 
Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Gly Tyr Leu Ser Lys 
165 170 175 

ACG TTG TTT GAA ATT ACA GTG CCT CTC TCA CAA GGC CCC AAA CCA GTC 752 
Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val 
180 185 190 19S 

ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGG TGC ATG TCT AAA CTG 800 
Thr He Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu 
200 205 210 

GAT GTT TAG AGA CAA GTT CAT TCA ATT ATT AGA CGT TCT CTG CCA GCA 848 
Asp Val Tyr Arg Gin Val His Ser He He Arg Arg Ser Leu Pro Ala 
215 220 225 
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ACA TTA CCA CAG TGT CAG GCA GCT AAC AAG ACA TGT CCA ACA AAC TAT 896 
Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr 
230 235 240 

GTG TGG AAT AAC TAG ATG TGC CGA TGC CTG GCT CAG CAG GAT TTT ATC 944 
Val Trp Asn Asn Tyr Met Cys Arg Cys Leu Ala Gin Gin Asp Phe lie 
245 250 255 

TTT TAT TCA AAT GTT GAA GAT GAC TCA ACC AAT GGA TTC CAT GAT GTC 992 
Phe Tyr Ser Asn Val Glu Asp Asp Ser Thr Asn Gly Phe His Asp Val 
260 265 270 275 

TGT GGA CCC AAC AAG GAG CTG GAT GAA GAC ACC TGT CAG TGT GTC TGC 1040 
Cys Gly Pro Asn Lys Glu Leu Asp Glu Asp Thr Cys Gin Cys Val Cys 
280 285 290 

AAG GGG GGG CTT CGG CCA TCT AGT TGT GGA CCC CAC AAA GAA CTA GAT 1088 
Lys Gly Gly Leu Arg Pro Ser Ser Cys Gly Pro His Lys Glu Leu Asp 
295 300 305 

AGA GAC TCA TGT CAG TGT GTC TGT AAA AAC AAA CTT TTC CCT AAT TCA 1136 
Arg Asp Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro Asn Ser 
310 315 320 

TGT GGA GCC AAC AGG GAA TTT GAT GAG AAT ACA TGT CAG TGT GTA TGT 1184 
Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys 
' 325 330 335 

AAA AGA ACG TGT CCA AGA AAT CAG CCC CTG AAT CCT GGG AAA TGT GCC 1232 
Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala 
340 345 350 355 

TGT GAA TGT ACA GAA AAC ACA CAG AAG TGC TTC CTT AAA GGG AAG AAG 1280 
Cys Glu Cys Thr Glu Asn Thr Gin Lye Cys Phe Leu Lys Gly Lys Lys 
360 365 370 

TTC CAC CAT CAA ACA TGC AGT TGT TAC AGA AGA CCG TGT GCG AAT CGA 1328 
Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Ala Asn Arg 
375 380 385 

CTG AAG CAT TGT GAT CCA GGA CTG TCC TTT AGT GAA GAA GTA TGC CGC 1376 
Leu Lys His Cys Asp Pro Gly Leu Ser Phe Ser Glu Glu Val Cys Arg 
390 39S 400 

TGT GTC CCA TCG TAT TGG AAA AGG CCA CAT CTG AAC TAAGATCATA 1422 
Cys Val Pro Ser Tyr Trp Lys Arg Pro His Leu Asn 
405 410 415 

CCAGTTTTCA GTCAGTCACA GTCATTTACT CTCTTGAAGA CTGTTGGAAC AGCACTTAGC 1482 

ACTGTCTATG CACAGAAAGA CTCTGTGGGA CCACATGGTA ACAGAGGCCC AAGTCTGTGT 1542 

TTATTGAACC ATGTGGATTA CTGCGGGAGA GGACTGGCAC TCATGTGCAA AAAAAACCTC 1602 

TTCAAAGACT GGTTTTCTGC CAGGGACCAG ACAGCTGAGG TTTTTCTCTT GTGATTTAAA 1662 

AAAAGAATGA CTATATAATT TATTTCCACT AAAAATATTG TTCCTGCATT CATTTTTATA 1722 

GCAATAACAA TTGGTAAAGC TCACTGTGAT CAGTATTTTT ATAACATGCA AAACTATGTT 1782 

TAAAATAAAA TGAAAATTGT ATTATAAAAA AAAAAAAAAA AAAAAAAAAA GCTT 1836 
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Quail, VE(?F-C 

GCCCCCGCCG AGCGCTCCGC GCGCAGCCGC CGGGCCGGGC CGGCCCGCGG AGGGCGCGCT €0 

GCGAGCGGCC ACTGGGTCCT GCTTCCCTCC TTCCTCTCCC TCCTCCTCCT CCTCCTTCTC 120 

TCTGCGCTTT CCACCGCTCC CGAGCGAGCG CACGCTCGGA TGTCCGGTTT CCTGGTGGGT 180 

TTTTTACCTG GCAAAGTCCG GATAACTTCG GTGAGAATTT GCAAAGAGGC TGGGAGCTCC 240 

CCTGCAGGCG TCTGGGAGCT GCTGCCGCCG TCGCATCTTC TCCATCCCGC GGATTTTACT 300 

GCCTTGGATA TTGCGAGGGG AGGGAGGGGG GTGAGGACAG CAAAAAGAAA GGGGTGGGGG 360 

GGGGGAGAGA AAAGGAAAAG AAGGAGCCTC GGAATTGTGC CCGCATTCCT GCGCTGCCCC 420 

GCGGCCCCCC TCCGCTCTGC CATCTCCGCA CA ATG CAC TTG CTG GAG ATG CTC 473 

Met His Leu Leu Glu Met Leu 
1- 5 

TCC CTG GGC TGC TGC CTC GCT GCT GGC GCC GTG CTC CTG GGA CCC CGG 521 
Ser Leu Gly Cys Cye Leu Ala Ala Gly Ala Val Leu Leu Gly Pro Arg 
10 IS 20 

CAG CCG CCC GTC GCC GCC GCC TAC GAG TCC GGG CAC GGC TAC TAG GAG 569 
Gin Pro Pro Val Ala Ala Ala Tyr Glu Ser Gly His Gly Tyr Tyr Glu 
25 30 35 

GAG GAG CCC GGT GCC GGG GAA CCC AAG GCT CAT GCA AGC AAA GAC CTG 617 
Glu Glu Pro Gly Ala Gly Glu Pro Lys Ala His Ala Ser Lys Asp Leu 
40 45 50 55 

GAA GAG CAG TTG CGA TCT GTG TCC ACT GTG GAT GAA CTC ATG ACA GTA 665 
Glu Glu Gin Leu Arg Ser Val Ser Ser Val Asp Glu Leu Met Thr Val 
60 65 70 

CTT TAC CCA GAA TAC TGG AAA ATG TTC AAA TGT CAG TTG AGG AAA GGA 713 
Leu Tyr Pro Glu Tyr Trp Lys Met Phe Lys Cys Gin Leu Arg Lys Gly 
75 80 8S 

GGT TGG CAA CAC AAC AGG GAA CAC TCC AGC TCT GAT ACA AGA TCA GAT 761 
Gly Trp Gin His Asn Arg Glu His Ser Ser Ser Asp Thr Arg Ser Asp 
90 95 100 

GAT TCA TTG AAA TTT GCC GCA GCA CAT TAT AAT GCA GAG ATC CTG AAA 809 
Asp Ser Leu Lys Phe Ala Ala Ala His Tyr Asn Ala Glu He Leu Lys 
105 110 115 

AGT ATT GAT ACT GAA TGG AGA AAA ACC CAG GGC ATG CCA GGT GAA GTG 857 
Ser lie Asp Thr Glu Trp Arg Lys Thr Gin Gly Met Pro Arg Glu Val 
120 125 130 135 

TGT GTG GAT TTG GGG AAA GAG TTT GGA GCA ACT ACA AAC ACC TTC TTT 905 
Cys Val Asp Leu Gly Lys Glu Phe Gly Ala Thr Thr Asn Thr Phe Phe 
140 145 150 

AAA CCC CCG TGT GTA TCC ATC TAC AGA TGT GGA GGT TGC TGC AAT AGT 953 
Lys Pro Pro Cys Val Ser lie Tyr Arg Cys Gly Gly Cys Cys Asn Ser 
155 160 165 

GAA GGA CTC CAG TGT ATG AAT ATC AGC ACA AAT TAC ATC AGC AAG ACA 1001 
Glu Gly Leu Gin Cys Met Asn lie Ser Thr Asn Tyr lie Ser Lys Thr 
170 175 180 
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TTG TIT GAG ATT ACA GTG CCT CTC TCT CAT GGC CCC AAA CCT GTA ACA 1049 
Leu Phe Glu lie Thr Val Pro Leu Ser His Gly Pro Lys Pro Val Thr 
185 190 195 

GTC AGT TXT GCC AAT CAC ACG TCC TGC CGA TGC ATG TCT AAG TTG GAT 1097 
Val Ser Phe Ala Ann Hie Thr Ser Cya Arg Cys Met Ser Lys Leu Asp 
200 205 210 215 

GTT TAG AGA CAA GTT CAT TCT ATC ATA AGA CGT TCC TTG CCA GCA ACA 1145 
Val Tvr Arg Gin Val His Ser lie lie Arg Arg Ser Leu Pro Ala Thr 
220 225 230 

CAA ACT CAG TGT CAT GTG GCA AAC AAG ACC TGT CCA AAA AAT CAT GTC 1193 
Gin Thr Gin Cys His Val Ala Asn Lys Thr Cys Pro Lys Asn His Val 
235 240 245 

TGG AAT AAT CAG ATT TGC AGA TGC TTA GCA CAG CAC GAT TTT GGT TTC 1241. 
Trp Asn Asn Gin lie Cys Arg Cys Leu Ala Gin His Asp Phe Gly Phe 
250 2S5 260 

TCT TCT CAC CTT GGA GAT TCT GAG ACA TCT GAA GGA TTC CAT ATT TGT 1289 
Ser Ser His Leu Gly Asp Ser Asp Thr Ser Glu Gly Phe His lie Cys 
265 270 275 

GGG CCC AAC AAA GAG CTG GAT GAA GAA ACC TGT CAA TGC GTC TGC AAA 1337 
Gly 'Pro Aon Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Lys 
280 285 290 295 

GGA GGT GTG CGG CCC ATA AGC TGT GGC CCT CAC AAA GAA CTA GAC AGG 1385 
Gly Gly Val Arg Pro lie Ser Cys Gly Pro His Lys Glu Leu Asp Arg 
300 305 310 

GCA TCA TGT CAG TGC ATG TGC AAA AAC AAA CTG CTC CCC AGT TCC TGT 1433 
Ala Ser Cys Gin Cys Met Cys Lys Asn Lys Leu Leu Pro Ser Ser Cys 
315 320 325 

GGG CCT AAC AAA GAA TTT GAT GAA GAA AAG TGC CAG TGT GTA TGT AAA 1481 
Gly Pro Asn Lys Glu Phe Asp Glu Glu Lys Cys Gin Cys Val Cys Lys 
330 335 340 

AAG ACC TGT CCC AAA CAT CAT CCA CTA AAT CCT GCA AAA TGC ATC TGC 1529 
Lys Thr Cys Pro Lys His His Pro Leu Asn Pro Ala Lys Cys lie Cys 
345 350 355 

GAA TGT ACA GAA TCT CCC AAT AAA TGT TTC TTA AAA GGA AAA AGA TTT 1577 
Glu Cys Thr Glu Ser Pro Asn Lys Cys Phe Leu Lys Gly Lys Arg Phe 
360 365 370 375 

CAT CAC CAG ACA TGC AGT TGT TAC AGA CCA CCA TGT ACA GTC CGA ACG 1625 
His His Gin Thr Cys Ser Cys Tyr Arg Pro Pro. Cys Thr Val Arg Thr 
380 385 390 

AAA CGC TGT GAT GCT GGA TTT CTG TTA GCT GAA GAA GTG TGC CGC TGT 1673 
Lys Arg Cys Asp Ala Gly Phe Leu Leu Ala Glu Glu Val Cys Arg Cys 
395 400 405 

GTA CGC ACA TCT TGG AAA AGA CCA CTT ATG AAT TAAGCGAAGA AAGCACTACT 1726 
Val Arg Thr Ser Trp Lys Arg Pro Leu Met Asn 
410 415 

CGCTATATAG TGTCG 1741 
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EXHIBIT E 



VEGF-C alignment 



Hum 
Mou 
Qua 



Hum 
Mou 
Qua 



HMIjIjGFFSVA csllaaaixp gpreapaaaa afesgldlsd aepdageata 

^TrrT.GTA CSLLAAALIP SPREAPATVA AFESGLGFSE AEPDGGEVKA 

SSSKS c^^£l gprqppva.a ayesghgyyz eepgagepka 



100 



YASKDLEEQIj RSV66VDELH TVLYPEYWKK YKCQLMGCT QHNREQANLN 
FEGKDLEEQL RSVESVDEIJi SVLYPDYWKH YKCQLRKGOT Q-^-QPTLN 
HASCTLEEQL RSVSSTOELK TVLWECTKK FKCQLHKGGW QHNREHSSSD 



ISO 



Hum 
Mou 
Qua 



SRTEETIKFA AAHYHTEILK SIDNEWRKTQ CHPREVCIDV GKETGVATOT 
IrTCMVXFA AAHYKTEII.K SIDNEWRKTQ CHPREVCIDV GKEFGAATKT 
TOSDDSLKFA AAHYNAEIIjK SIDTEWRKTQ GKPREVCVDL GKEFGATTHT 

200 

„„ m HipPCVSVY RCGGCCHSEG LQCHHTSTSY LEKTUEITV PLSQGPKPVT 
S^S TOTPCTSVY RCGGCCHSEG LQCKNTETGY LSKTUEITV PIiSQGPKPVT 
Q^a F^KFPC^ RCGGCCHSEG LQCHNISTHY ISKH.FEITV PIjS HGPKPVT 

250 

Hum ISFANHTSCR CMEKLDVYRQ VHB I IRRS LP ^TLPQCQAAN 

Mou ISFANHTSCR CKSKLDVYRQ VHBIIRRSLP ATLPQCQAAN KTCPTNYVWN 

Q°a VSFANHTSCR CKEKLDVYRQ VHBIIRRSLP ATQTQCHVAN KTCPKKHVWN 

300 

HUB HHICRCIAQE DFMFSSDAGD DSTDGFHDIC GPHKELDEET CQCVCRAGIA 
SmCRCLAOQ EFIFYSNVED DSTKGFHDVC GPHKELDEDT CQCVCKGGLR 
Qua HQICRCLAQH ' DFGFSSHIiGD SDTSEGFHIC GPHKELOEET CQCVCKGGVR 

3S0 

HUB PASCGPHKEL DRNSCQCVCK KKLFPSQCGA NREFDENTCQ CVCKRTCPRN 

psbcgpSel drdbcqcvck hklfphscga kref°entcq cvckrtcprn 

Qua PISCGPHKEL ORABCQCMCK HKLLPSSCGP KKEFDEEKCQ CVCKKTCPKH 

400 

qplhpgkcac ECTESPQKCL lkgkkfhhqt cscyrrpctn RQKACEPGFS 

QPLNPGKCAC ECTEHTQKCF LKGKKFHHQT CSCYRRPCAN RLTOCDPGLS 
OTIOTAKCIC ECTESPNKCF LKGKKFHHQT CSCYRPPCTV RTKRCDAGFX 

401 420 
HUD YSEEVCRCVP S YWKR PQMS* 
MOU FSEEVCRCVP SYWKRPHLN . 
Qua IAEEVCRCVR TSWKRPLMN* 



Hum 
MOU 
Qua 



. Ad- 
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INPUT SET: S22772.raw 



41 
42 
43 



This Raw Listing contains the General 
Information Section and up to the first 5 pages. 



SEQUENCE LISTING j^, 
(1) General Information: *^ 



(i) APPLICANT: Alitalo, Kari # As, 

' Joukov, Vladimir ^ i^J 

(ii) TITLE OF INVENTION: RECEPTOR LIGAND 
9 

10 (iii) NUMBER OF SEQUENCES: 45 

\\ (iv) COH^SPO = o . Tooi ^ Gerstein & Borun 

(B) STREET: 6300 Sears Tower, 233 South Wacker Drive 

15 (C) CITY: Chicago 

16 (D) STATE: Illinois 

* 7 (E) COUNTRY: United States of America 

18 (F) ZIP: 60606-6402 

19 

20 (V) COMPUTER READABLE FORM: 

21 (A) MEDIUM TYPE: Floppy disk 

22 #B) COMPUTER: IBM PC compatible 

2 3 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

24 (D) SOFTWARE: Patentln Release 11.0, Version 11.25 
25 

2 6 (vi) CURRENT APPLICATION DATA: 

27 (A ) APPLICATION NUMBER: 08/585,895 

28 (B) FILING DATE: 12-JAN-1996 

29 (C) CLASSIFICATION: 
30 

31 (Vii) PRIOR APPLICATION DATA: 

32 (A ) APPLICATION NUMBER: US 08/510,133 

33 (B) FILING DATE: 01-AUG-1995 
34 

35 (Vii) PRIOR APPLICATION DATA: 

36 ( A ) APPLICATION NUMBER: US 08/340,011 

37 (B). FILING DATE: 14-NOV-1994 
38 

39 (Viii) ATTORNEY/ AGENT INFORMATION: 

40 (A) NAME: Gass. David A. 

(B) REGISTRATION NUMBER: 38,1S3 

(C) REFERENCE/ DOCKET NUMBER: 28967/33072 

44 (ix) TELECOMMUNICATION INFORMATION: 

45 (A) TELEPHONE: 312/474-6300 
«iorppiif. 312/474-0448 
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RAW SEQUENCE LISTING 

PATENT APPLICATION US/08/585,895A 



DATE: 01/22/98 
TIME: 15:36:49 



INPUT SET: S22772.ruw 

47 (C) TELEX: 25-3856 

48 

49 (2) INFORMATION FOR SEQ ID NO:l: 
50 

51 (1) SEQUENCE CHARACTERISTICS: 

52 (A) LENGTH: 20 base pairs 

53 (B) TYPE: nucleic acid 

54 (C) STRANDED NESS : single 

55 (D) TOPOLOGY: linear 
56 

57 (ii) MOLECULE TYPE: DNA (genomic) 

58 

59 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

60 

61 TGTCCTCGCT GTCCTTCTCT 20 
62 

63 (2) INFORMATION FOR SEQ ID NO: 2: 
64 

65 (i) SEQUENCE CHARACTERISTICS: 

66 (A) LENGTH: 70 base pairs 

67 (B) TYPE: nucleic acid 

68 (C) STRANDEDNESS: single 

69 (D) TOPOLOGY: linear 
70 

71 (ii) MOLECULE TYPE: DNA (genomic) 

72 - 

73 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
.74 

75 ACATGCATGC CACCATGCAC CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 60 
76 

77 CACTCCTCGA 70 
78 

79 (2) INFORMATION FOR SEQ ID NO: 3: 
80 

81 (i) SEQUENCE CHARACTERISTICS: 

82 (A) LENGTH: 24 base pairs 

83 (B) TYPE: nucleic acid 

84 (C) STRANDEDNESS : single 

85 (D) TOPOLOGY: linear 

87 (ii) MOLECULE TYPE: DNA (genomic) 
88 

89 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
90 

91 ACATGCATGC CCCCCCCGTC ATCC 24 
92 

93 (2) INFORMATION FOR SEQ ID NO: 4: 
94 

95 (i) SEQUENCE CHARACTERISTICS: 

96 (A) LENGTH: 22 base pairs 

97 (B) TYPE: nucleic acid 

98 (C) STRANDEDNESS : single 

99 (D) TOPOLOGY:, linear 



DA ™., RAW SEQUENCE LISTING DATE: 01/22/98 

PAGE: 3 RATCNTSPPLICATION US/08/S85,895A TIME: 15:36:51 



PATENT , 

INPUT SET: S22772.mw 



22 



100 

10 i (il) MOLECULE TYPE: DNA (genomic) 
102 

103 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
104 

105 CGOAATTCCC CATGACCCCA AC 
106 

107 (2) INFORMATION FOR SEQ ID NO: 5: 
108 

109 (1) SEQUENCE CHARACTERISTICS: 

110 (A) LENGTH: 33 base pairs 
HX (B) TYPE: nucleic acid 
H2 (C) STRANDEDNESS : single 
113 (D) TOPOLOGY: linear 

US (ii) MOLECULE TYPE : DNA (genomic) 
116 

1X7 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

119 CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 33 
120 

121 (2) INFORMATION FOR SEQ ID NO: 6: 
122 

!23 (i) SEQUENCE CHARACTERISTICS : 

124 (A) LENGTH: 17 base pairs 

125 (B) TYPE: nucleic acid 

126 (C) STRANDEDNESS : single 

127 (D) TOPOLOGY: linear 
128 

129 (ii) MOLECULE TYPE: DNA (genomic) 
130 

131 SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



ATTTAGGTGA CACTATA 17 



132 
133 
134 

135 (2) INFORMATION FOR SEQ ID NO: 7: 
136 

137 (i) SEQUENCE CHARACTERISTICS: 

138 (A) LENGTH: 34 base pairs 

139 (B) TYPE: nucleic acid 

140 (C) STRANDEDNESS: single 

141 (D) TOPOLOGY: linear 
142 

143 (ii) MOLECULE TYPE: DNA (genomic) 

144 

145 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

147 CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT J * 
148 

14 9 (2) INFORMATION FOR SEQ ID NO: 8: 
150 

151 (i) SEQUENCE CHARACTERISTICS : 

152 . ' (A) LENGTH: 40 amino acids 



PAGE: 4 



RAW SEQUENCE LISTING 

PATENT APPLICATION US/08/58S,895A 



DATE: 01/22/9. 
TIME: 15:36:54 



INPUT SET: S22772.mw 

153 <B) TYPE: amino acid 

154 (C) STRANDEDNESS: single 

155 (D) TOPOLOGY: linear 
156 

.157 (ii) MOLECULE TYPE: protein 

158 

159 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

160 

161 Pro Met Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp Asn Gin Thr Asp 

162 1 5 10 15 
163 

164 Ser Oly Met Val Leu Ala Ser Qlu Glu Phe Glu Gin lie Glu Ser Aro 

"5 20 25 30 

166 

167 His Arg Gin Glu Ser Gly Phe Arg 

lfi8 35 40 

169 

170 (2) INFORMATION FOR SEQ ID NO: 9: 
171 

172 (i) SEQUENCE CHARACTERISTICS: 

173 (A) LENGTH: 21 base pairs 

174 (B) TYPE: nucleic acid 

175 <C) STRANDEDNESS: single 

176 (D) TOPOLOGY: linear 
177 

178 (ii) MOLECULE TYPE: DNA (genomic) 

179 

180 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

181 

182 CTGGAGTCGA CTTGGCGGAC T 

183 ^ 

184 (2) INFORMATION FOR SEQ ID NO: 10: 
185 

186 (i) SEQUENCE CHARACTERISTICS: 

"7 (A) LENGTH: 60 base pairs 

188 (B) TYPE: nucleic acid 

189 (C) STRANDEDNESS: single 
!90 (D) TOPOLOGY: linear 
191 

192 (ii) MOLECULE TYPE: DNA (genomic) 

193 

194 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

195 

196 CGCGGATCCC TAGTCATCGT GATGGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC 60 
197 

198 (2) INFORMATION FOR SEQ ID NO: 11: 
199 

200 (1) SEQUENCE CHARACTERISTICS: 

201 (A) LENGTH: 34 base pairs 

202 (B) TYPE: nucleic acid 

203 (C) STRANDEDNESS: single 

204 (D) TOPOLOGY: linear 
205 



t 
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... 


206 


(ii) MOLECULE TYPE: DNA (genomic) 




207 






208 


(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 








{ 


210 


CCCAAGCTTG GATCCAAGTO GCTACTCCAT GACC 




'211 






^ i^ 


t *i \ TMPflBMaTTflV FOR 5EO TD NO: 12: 




213 






214 


y 1 J &E*l£\JEtn\~Et \<IlnIUil> 1 I-j £\ 1 *J * 1VJ * 


v.. 


215 


I & \ T ITWfiTW • 90 V>a «to nalrs 




216 


/ o \ mynp, mirl ol f At* 1 
^ O ) 1 IrCi i nUGltZJLW aV* 1VJ 




217 




f . 


218 


(DJ TOrULUa X • linear 


j 


219 






220 


(11) MOLECULE IX ft: UHA (genomic J 




221 






222 


(XI ] SEQUENCE OESCKIrTiUn • oc*U nu. 


•A 


223 




lit 


224 


GTTGCCTGTU ATGTGCACCA 




225 






226 


(2) INFORMATION run £>c.v. 1U NUS 1J : 




227 






228 


(i) SEQUENCE CHARACTERISTICS: 


S 


229 


(A) LENGTH: 18 amino acids 




230 


(B) TYPE: amino acid 




231 


(C) STRANDEDNESS: single 




♦ 232 


(D) TOPOLOGY: linear 




233 




D 


234 


(ii) MOLECULE TYPE: peptide 




235 






236 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 




237 




r 


238 


Xaa Olu Glu Thr lie Lys Phe Ala Ala . 




239 


1 5 


r. 


240 






241 


Leu Lys 




242 






243 






244 


(2) INFORMATION FOR SEQ ID NO: 14: 




245 






246 


(i) SEQUENCE CHARACTERISTICS: 




247 


(A) LENGTH: 17 base pairs 




248 


(B) TYPE: nucleic acid 


j 


249 


(C) STRANDEDNESS: single 




250 


(D) TOPOLOGY: linear 




251 






252 


(li) MOLECULE TYPE: DNA (genomic) 


f 


253 






254 


(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 




255 






256 


GCAGARGARA CNATHAA 




257 




1: 


258 


(2) INFORMATION FOR SEQ ID NO: 15: 



34 



20 



IS 



17 



SEQUENCE VERIFICATION REPORT DATE: 01/22/98 

PATENT APPLICATION US/08/585, 895 A TIME: 15:36:59 

INPUT SET: S2277Zmw 



Original Text 



PATENT 
28967/33072 

JNTHE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
Alitalo et al. 
Serial No. 08/585,895 
Filed: January 12, 1996 



Title: RECEPTOR LIGAND 

Art Unit: 1801 
Examiner: Lathrop, B. 



Change of Inventor's Address 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please be advised that the residence and mailing address of co- 
inventor Vladimir Joukov is now as follows: 

51 Massachusetts Avenue, Apt. 1F 
Boston, Massachusetts 021 1 5 

This notification is NOT intended as a change of correspondence 

address. Please continue to send correspondence to the Applicants' attorney at 

the address below: 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312)474-6300 




David A. Gass 
Registration No. 3b,lt>3 



Date: 7*. im 



ASSIGNMENT 



WHEREAS Helsinki University Licensing, Ltd., Viikinkaari 8 A, RN-00710 
Helsinki, Finland (hereinafter HUL), its successors and assigns, is the assignee' of the entire 
right, title and interest in the invention or improvements of Kari Alitalo and Vladimir Joukov 
relating to the cloning, isolation and sequencing of human Vascular Endothelial Growth 
Factor C (VEGF-C) disclosed in certain applications for Letters Patent of the United States, 
and in said applications and any and all other applications, both United States and foreign, f£j 
which Kari Alitalo and Vladimir Joukov may file, either solely or jointly with others, on said t-'\ 
invention or improvements, and in any and all Letters Patent of the United States and foreigf ; ^ 
countries, which may be obtained on any of said applications, and in any reissue or 
extension thereof; and f?a 



WHEREAS, for ten dollars ($10.00), and other good and valuable consideration 
enumerated in a written agreement dated 24 October 1996, the sufficiency of which is 
hereby acknowledged, HUL has agreed to share ownership of the aforementioned invention^ 
improvements, applications, patents, reissues, extensions, and the like on a 50% / 50% | 
equal basis with Ludwig Institute for Cancer Research, a Swiss not-for-profit corporation 
having an office at 1345 Avenue of the Americas, New York, New York 10105, United 
States of America (hereinafter LICR); f 



NOW, THEREFORE. HUL hereby assigns to LICR a fifty percent (50%) interest ii 
the patent applications identified in the following LIST OF PATENT PROPERTIES, and in any 
and alt Letters Patent of the United States and foreign countries, which may be obtained on p] 
any of said patent applications, and in any reissue or extension thereof. K ! 



LIST OF PATENT PROPERTIES 



Application No. 


Filina Date 


Title 


08/510,133 


01/08/95 


Receptor Ligand 


08/585,895 


12/01/96 


Receptor Ligand 


08/601,132 


14/02/96 


Receptor Ligand 


08/671,573 


28/06/96 


Receptor Ligand VEGF-C 


PCT/FI96/00427 


01/08/96 


Receptor Ligand VEGF-C 


08/795,430 


02/05/97 


Vascular Endothelial Growth Factor 



WITNESS my hand this 
Ninety-Seven. 

Witnesses: 



l l5 



C (VEGF-C) Protein and Gene, 
Mutants Thereof, and Uses Thereof 



day of 



Nineteen Hundred and 



1) 2^ f;^%r^ 
Name? 



Helsinki University 
Ltcensing^Ltd. 



t tf CuijA 
! Name: i 1 



r 




D 



^Heikki Lampi 
^-President 



POWER OF ATTORNEY 



The Ludwig Institute for Cancer Research hereby 



appoints : 

Alvin D. Shulman (19.412) 
Owen J. Murray (22.1 1 1) 
Allen H. Geretein (22,218) 
Ntte F. Scmrpelli (22320) 
Edward M. O' Toole (22,477) 
Michael F. Boruo (25.447) ■ 
Trevor B. Joike (25.542) 



Timothy J. Vexe«i (26.348) 
Carl E. Moore. Jr. (26.487) 
Richard H. Anderson (26,526) 
Patrick D. Ertel (26,877) 
James P. Zeller (28.491) 
William E. McCrackertpO,195) 
David A. Gass (38,153) 



Richard A. Schnurr (30,890) 
Anthony Nimmo (30,920) 
Christine A. Dudzik (31,245) 
Kevin D. Hogg (31,839) 
JefTreyS. Sharp pi. 879) 
Martin J. Hintch (32.237) 



James J. NapoJi (32,361) 
Richard M. U Bargo (32.254) 
Karl A. Vick (33^83) 
Douglass C. Hochstetler (33,710) 
Cynthia L. Schaller (34.245) 
Robert M. Cerstein (34.824) 



as its attorneys, with full powers of substitution and 
revocation, to act on its behalf before the U.S. Patent and 
Trademark Office in connection with the following applications 
filed by Kari Alitalo et al . of which it is an assignee: 



A pplication No. 
08/510,133 
08/585,895 
08/601,132 



08/671,573 



Filing Date 

01 /Aug /9 5 
12 /Jan/9 6 
14/Feb/96 



28/Jun/96 



Title 

Receptor Ligand 

Receptor Ligand 

Antibodies Reactive 
with VEGF-C, a 
Ligand for the Flt4 
receptor Tyrosine 
Kinase (VEGFR-3) 

Receptor Ligand 
VEGF-C 



Assignment 

Rffffl ft Fratnfi ft 
8378/0566 
8145/0829 
8129/0688 



8161/0909 



Please continue to send correspondence to: 

MARSHALL, 0* TOOLE, GERSTEIN, 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
United States of America 
(312) 474-6300 



Ludwig Institute for Cancer Research 
1345 Avenue of the Americas 
New York, New York 104.05 

By: \ /_ 

Na^te:* moofc MtTAtu. 
Title: J^$SoC^f\Tk ^\i\J&c~7t>^ 
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POWER OF ATTORNEY 



Helsinki University Licensing, Ltd., hereby 

appoints : 



AUin D. Shulman (19.412) 
Owen J. Murray (22.111) 
Allen H. Gersiein (22.218) 
Nate F. ScarpelU (22.320) 
Edward M. O Too to (22.477) 
Michael F. Bomn (25.447) 
Trevor B. Joiko (25,542) 



Timothy J. Vezeau (26.348) 
Carl E. Moore. Jr. (26,487) 
Richard H. Anderson (26,526) 
Patrick D. Ertet (26.877) 
James P. Zeller (25,491) 
William E. McCracken(30.t95) 
David A. Cass (38.153) 



Richard A. Schnurr 00.890) 
Anthony Nimmo (30,920) 
Christine A. Dudzik (31,245) 
Kevin D. Hogg (31.839) 
Jeffrey S. Sharp (31.879) 
Martin 3. Kirsch (32,237) 



James J. Napoli (32,361) 
Richard M. La Barge (32.254) 
Karl A. Vick (33,288) 
Douglass C. Hochs teller (33.710) 
Cynthia L. Schallcr (34,245) 
Robert M. Gerstein (34,824) 



as its attorneys, with full powers of substitution and 
revocation, to act on its behalf before the U.S. Patent and 
Trademark Office in connection with the following applications 
fi-led by Kari Alitalo et al . of which it is an assignee: 



Application Wq. 

08/510, 133 
08/585, 895 
08/601, 132 



08/671,573 



Filing Date 

01/Aug/95 
12 /Jan/96 
14 /Feb/96 



28/Jun/96 



Title 

Receptor Ligand 

Receptor Ligand 

Antibodies Reactive 
with VEGF-C, a 
Ligand for the Flt4 
Receptor Tyrosine 
Kinase (VEGFR-3) 

Receptor Ligand 
VEGF-C 



Please continue to send correspondence to: 

MARSHALL, O' TOOLE, GERSTEIN, 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
United States of America 
(312) 474-6300 



Assignment 
Reel & Framft # 

8378/0566 
8145/0829 
8129/0688 



8161/0909 



(Date) 



Helsinki University Licensing, Ltd. 
Viikinkaari 8 A 
FIN- 00710 Helsi? 
FINLAND 



By: 
Name : 
Title: 




Please enter the power of attorney documents into the file for the above- 



identified patent application. 



Respectfully submitted, 

MARSHALL, CTTOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 




David A. Gass 
Registration No. 38,153 



D 




Crr-AU- [Jg&\ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



PATENT 
28967/33072 



In re Application of: 
Alitalo et al. 
Serial No. 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR LIGAND 
Art Unit: 1801 
Examiner: Lathrop, B. 



I hereby certify that this paper is 
being deposited with the United 
States Postal Service as first class 
mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C. 20231, on this 
date: 

Data* rkh ZH m% 



e 
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Sir: 

Transmitted herewith are power of attorney documents executed by the 
two assignees of the above-identified patent application: Helsinki University 
Licensing, Ltd., and The Ludwig Institute for Cancer Research. 

The above-identified application was assigned by the inventors to 
Helsinki University Licensing, Ltd., (HUL) in an assignment recorded at Reel 
8145, Frame 0829. 

HUL assigned a 50% interest in the application to The Ludwig Institute 
for Cancer Research, as evidenced by the attached assignment document 
which has been submitted for recordation. 
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DETAILED ACTION 

1. The Group and/or Art Unit location of your application in the PTO has changed. To aid 
in correlating any papers for this application, al! further correspondence regarding this application 
should be directed to Group Art Unit 1 646. 

Response to Amendment 

2. , Claims 2, 6, 8-10 and 12-17 have been cancelled, and claims 26-38 have been added. 
Therefore, claims 1, 3-5, 7, 1 1 and 18-38 are instantly examined. 

3. The following rejections are withdrawn upon reconsideration and Applicant's 
amendments: The rejection of claims 1 and 18-25 under 35 USC 1 12, first paragraph, and the 
rejection of claims 3-5, 1 1 and 18-25 under 35 USC 1 12, second paragraph. 

4. The declaration under 37 CFR 1.132 filed 1 December 1 997 is insufficient to overcome 
the rejection of claims 7 and 37 based upon 35 USC 1 12, first paragraph, as set forth in this Office 
action in 1[10 below for the following reasons: Although the declaration of Alitalo at ]5 states 
that complete sequencing of the cDNA insert contains the sequence of SEQ ID NO:44, the 
declaration does not state that the cDNA insert is derived from ATCC Deposit No. 97231. The 
declaration also does not state what is the relationship of the 1997 base pair cDNA to the 
"approximately 2. 1 kb insert" of the pFLT4-L clone. If the "approximately 2. 1 kb insert" of 
ATCC Deposit No. 9723 1 is what was sequenced and shown to be 1997 base pairs and have the 
sequence of SEQ ID NO:44, then this should be made clear. In addition, Applicant must state or 
declare that all restrictions regarding the availability of the deposited material must be irrevocably 
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removed upon the granting of the patent (see Paper No. 17, page 4, and below in H9-1 1 of this 
Office action). 

5. The declaration is also insufficient to obviate the rejection of claims 1, 18, 23-3 1, 37 and 
38 under 35 USC 1 12, first paragraph, as set forth in ^12 of this Office action for the following 
reasons: Although the declaration of Alitalo demonstrates at 1(7-1 8 that fragments comprising 
portions'of SEQ ID NO:33 bind to the FIt4 receptor and activate tyrosine phosphorylation, and 
that polynucleotides which hybridize to SEQ ID NO:32 encode VEGF-C polypeptides which bind 
to the Flt4 receptor and activate tyrosine phosphorylation, the showing is not commensurate in 
scope with the claims, which recite any protein which binds to Flt4 receptor, for those reasons 
provided in ^12 of this Office action. 
Oatli/Decla ration 

6. The requirement for a new declaration is withdrawn in view of Applicant's second 
declaration, filed 12 August 1996. 

Drawings 

7. The proposed drawing correction and/or the proposed substitute sheets of drawings, filed 
on 1 December 1 997 have been approved. 

8. The wish to defer formal corrections of the drawings and the petition for photographs is 
acknowledged. 
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Sequence Rules 

9. The submission of a new Sequence Listing and CRF containing the sequences of Figures 
9B and 10 is acknowledged, and the requirement to comply with Sequence Rules is withdrawn. 
Specification 

10. The amendment filed 1 December 1997 is objected to under 35.U.S.C. 132 because it 
introduces new matter into the disclosure. 35 U.S.C. 1 32 states that no amendment shall 
introduce new matter into the disclosure of the invention. The added material which is not 
supported by the original disclosure is as follows: SEQ ID NOS: 44 and 45. 

The specification discloses that the FU4-L clone has an approximately 2.1 kb insert and 
has been deposited as ATCC Deposit No. 9723 1 (pp. 28-29). Applicant has not stated or shown 
the relationship between the 2.1 kb insert and the 1997 bp cDNA sequenced and presented as 
SEQ ID NO:44. Thus, it is not clear whether the 2.1 kb insert has the sequence of SEQ ID 
NO:44. If the 1997 bp insert is the same as that of the 2.1 kb insert, this aspect of the rejection 
could be overcome by amending the sentence added in the amendment of 1 December 1997 to 
state that "The approximately 2.1 kb cDNA insert of the deposited plasmid pFLT4-L was 
sequenced and found to have a 1997 base pair nucleotide sequence as set forth in SEQ ID 
NO:44." It is further noted that the nucleotide sequence of the plasmid is not SEQ ID NO:45, as 
stated in the added sentence. SEQ ID NO:45 is a translated open reading frame of the nucleotide 
3cq-=™ of SEQ ID NO-44 : as stated bv Dr. Kari Alitalo fl[5). In addition, Applicant states that 
ATCC Deposit No. 97231 has been deposited under the terms of the Budapest Treaty; however, 
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Applicant must also state that all restrictions imposed by the depositor on the availability to the 
public of the deposited material will be irrevocably removed upon the granting of a patent (37 
CFRl .808), as discussed in Paper No. 17, page 4. If this statement is made, the objection to the 
specification will be withdrawn. 
Claim Rejections -3S USC §112 

11. Claims 7 and 37 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to enable one skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. 

This rejection is maintained for reasons of record set forth in Paper No. 17, pages 4-5. 

12. Applicant's arguments filed I December 1997 have been fully considered but they are not 
persuasive. 

Applicant argues that ATCC Deposit No. 97231 has been deposited under the terms of 
. the Budapest Treaty; however, Applicant must also state that all restrictions imposed by the 
depositor on the availability to the public of the deposited material will be irrevocably removed 
upon the granting of a patent (37 CFR 1.808), as discussed in Paper No. 17, page 4. If this 
statement is made, the rejection will be withdrawn. 

13. Claims 1, 18, 23-31, 37 and 38 are rejected under 35 U.S.C. 1 12, first paragraph, because 
the specification, while being enabling for while being enabling for a polynucleotide which 
encodes a polypeptide comprising a portion of SEQ ID NO:33 sufficient to bind to the Flt4 
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receptor tyrosine kinase and stimulate tyrosine phosphorylation of the FU4 receptor, does not 
reasonably provide enablement for a polynucleotide which encodes polypeptide which is defined 
only by its binding to the Flt4 receptor. The specification does not enable any person skilled in 
the art to which it pertains, or with which it is most nearly connected, to use the invention 
commensurate in scope with these claims. 

Claims 1, 18, 23-31, 37 and 38 are not commensurate in scope with the specification with 
respect to the recitation in claims 1, 26-29 and 37 of a polynucleotide which hybridizes to SEQ ID 
NO:32 and which encodes a polypeptide which binds to the Flt4 receptor or in claims 18, 23-25, 
30-3 1 and 38 of a polynucleotide which encodes a polypeptide comprising a portion of SEQ ID 
NO:33 which binds to the Flt4 receptor. One skilled in the art could use the guidance in the 
specification to isolate polynucleotides which hybridize to SEQ ID NO:32 and test them for Flt4 
receptor binding and tyrosine phosphorylation activity. Similarly, one skilled in the art could use 
the guidance in the specification to isolate polynucleotide which encode polypeptides which 
comprise portions of SEQ ID NOS:33 and test them for FU4 receptor binding and tyrosine 
phosphorylation activity. However, claims 1, 18,23-31, 37 and 38 currently recite only a 
polynucleotide which encodes a polypeptide which binds the Flt4 receptor, and thus these claims 
encompass polypeptides which bind to the Flt4 receptor under any condition and which have no 
biological activity. It is well-known in the art that a growth factor ligand must not only bind to its 
receptor but also be able to induce some biochemical signal, such as phosphorylation, in order to 
have a biological effect (Borg, p. 981, col. 2). Neither the specification nor ihc pilot 6it tcachcc 
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one skilled in the art how to use a polypeptide which binds to the Flt4 receptor and which does 
not stimulate the tyrosine phosphorylation activity of the receptor. Furthermore, given the large 
number of different biochemical pathways which may or may not be activated by polypeptide 
binding, and given the lack of guidance in the specification, one skilled in the art would not know 
which of the many biochemical signaling pathways, other than tyrosine phosphorylation, to 
examine in order to determine whether a polynucleotide which encodes a polypeptide comprising 
a portion of SEQ ID NO:33 might activate. Similarly, one skilled in the art would not know how 
to use a polynucleotide which hybridized to SEQ ID NO:32 and which encoded a polypeptide 
which bound to Flt4 receptor but which did not activate tyrosine phosphorylation. Absent such 
guidance, one skilled in the art would not know how to use a polynucleotide which encoded a 
polypeptide which binds to the FU4 receptor but which does not stimulate tyrosine 
phosphorylation. Therefore, it would require undue experimentation to practice this invention as 
claimed. 

This rejection could be overcome by amending the claims to recite that the encoded 
polypeptide not only binds to the human Flt4 receptor but stimulates tyrosine phosphorylation of 
the FIt4 receptor tyrosine kinase, such as is recited in claim 19. 

14. Applicant's arguments regarding the previous rejection under 35 USC 1 12, first 
paragraph, have not been addressed as the previous rejection of the claims has been withdrawn. 
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15. Claims 1,3-5, 7, 1 1, 18-30, 32 and 37-38 are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

16. Claims 1, 3-5, 7, 26-29 and 37 are indefinite with respect to the term "a domain defined by 
eight conserved cysteine residues." It is unclear to what the eight residues are conserved. It is 
also unclear whether the limits of the domain are defined by the cysteines, that is, the domain 
starts and ends with cysteine residues, or whether the domain is defined by a different parameter. 
Furthermore, these claims are indefinite with respect to the term "having homology to vascular 
endothelial growth factor." It is not clear whether this means that the polypeptide has similarity 

to VEGF, or whether the polypeptide has a common evolutionary origin with VEGF (see Reeck 
et al. Cell, 50, 667). 

17. Claims 1, 3-5, 7, 1 1, 18-30, 32 and 37-38 are indefinite because it is unclear what is a 
domain encompassed by "cysteine motifs of a Balbiani ring 3 protein." Since the BR3P domain is 
not defined in the specification, one cannot determine what a BR3P domain is. Furthermore, it is 
unclear whether the limits of the domain are defined by the cysteines, that is, the domain starts 
and ends with cysteine residues, or whether the domain is defined by a different parameter. 

18. Claims 1, 26-29 and 37 are indefinite with respect to the term "high affinity." The term 
"high affinity" is relative, and it is not clear how strongly a protein must bind to the Flt4 receptor 
in order for it to be considered "high affinity." It is suggested that the claims be amended to recite 
a particular range of K,,. 
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19. Claims 1, 3-5, 7, 26-30 and 37 are indefinite with respect to the term "including." It is 
unclear whether "including" is equivalent to the open language "comprising" or to the closed 
language "consisting of." 

20. Claims 3, 5, 18, 24-25 and 30-31 are indefinite because the term "said polynucleotide" 
lacks antecedent basis. 

2 1 . Claim 30 is indefinite with respect to the term "VEGF-homologbus portion." It is not 
clear whether this means that the polypeptide has similarity to VEGF, or whether the polypeptide 
has a common evolutionary origin with VEGF (see Reeck et al. Cell, 50, 667). 

22. Claim 32 is indefinite with respect to an amino acid sequence "corresponding to" another 
amino acid sequence. It is unclear whether "corresponding to" means that the amino acid 
sequence is identical or not. 

23. Applicant's arguments regarding the previous rejection under 35 USC 1 12, second 
paragraph, have not been addressed as the previous rejection of the claims has been withdrawn. 

24. Applicant is correct that the publication date of Reference Bl does not antedate the 
effective filing date of the instant application, and thus does not anticipate or render obvious the 
claimed invention because it is not available as prior art 

25. Applicant's arguments regarding Reference Bl are noted; however, since no rejection has 
been made over this patent, these arguments are not addressed. 

Conclusion 

26. Claims 33-36 are allowed. 
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27. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Karen Brown whose telephone number is (703) 308-3667. The examiner 
can normally be reached on Mondays through Thursdays and on alternate Fridays from 8:30 to 
6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Stephen Walsh, can be reached on (703) 308-2957. 

Official papers filed by fax should be directed to (703) 305-4242. Faxed draft or informal 
communications with the examiner should be directed to (703) 308-0294. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the Group receptionist whose telephone number is (703) 308-0196. 

KEB 



20 March 1998 
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la re Application of: 
Alitalo et aL 
Serial No.: 08/585,895 
Filed: January 12, 1996 
Title: RECEPTOR LIGAND 
Art Unit: 1801 
Examiner Lathrop, B. 



I hereby certify that this paper is being 
deposited with the United States Postal 
Service as first class mail, postage 
prepaid, in an envelope addressed to: 
Assistant Commissioner for Patents 
Washington, D.C. 20231, on this date: 

Dated: Ms. 96. 



David A. Gass 
Registration No. 38,153 



DECLARATION OF BIOLOGICAL CULTURE DEPOSIT 
IN COMPLIANCE WITH BUDAPEST TREATY REOUIR 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir 



I, the undersigned, declare that: 



1. I am an inventor of the subject matter of the above-identified patent 



application, 



2 . The plasmid designated FLT4-L, described in the specification of the above- 
identified application at pages 28-29 (and elsewhere), was deposited on 24 July 1995 with 
the American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, Maryland 
20852, under the terms of the Budapest Treaty. This plasmid was assigned ATCC accession 
number 97231. A copy of the ATCC deposit receipt, confirming viability of the dep sit, is 
attached hereto. 
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3. With respect to the permanence of the deposit, the ATCC is an fficial 
depository in accordance with the Budapest Treaty for the above-deposited material, and I 
affirm that, should the plasmid identified in paragraph 2 mutate, become non-viable, or be 
inadvertently destroyed, I will replace it for at least thirty (30) years from the date of the 
original deposit, or for at least five (5) years from the date of the most recent request for 
release of a sample, or for the enforceable life of any patent issued on the above-mentioned 
application, whichever period is longest. 

4. With respect to availability of the plasmid identified in paragraph 2, 1 affirm 
that the deposit has been made under conditions of assurance of (a) ready accessibility thereto 
by the public if an enforceable patent is granted whereby all restrictions to the availability 
to the public of the culture so deposited will be irrevocably removed upon the granting of the 
patent [MPEP §608.01 (p)], and (b) access to the deposit will be available during pendency 
of the patent application to one determined by the Commissioner to be entitled thereto under 
37 CF.R. §1.14 and 35 U.S.C. §122. 

5. I hereby further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful, false 
statements and the like so made are punishable by fine or imprisonment, or both under 
Section 1001 of Title 18 of the United States Code, and that such willful, false statements 
may jeopardize the validity of the application or any patent issued thereon. 



Date 



Kari Alitalo 
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BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
RECEIPT ™™*^ iure STATE MENT ISSUED PURSUANT TO RULE HU 

To: (Name and Address of Depositor or Attorney) 

University of Helsinki 
Attention: Kari Alltalo 
Molecular/Cancer Biology Laboratory 
P.O. Box 21 (Haarxmanlnkatu 3) 
SF-00014, HELSINKI. FINLAND 

Deposited on Behalf of: Karl Afitalo and Vladimir Joukov 
Identification Reference by Depositor: ATCC Designation 

Piasmid. FLT4-L 97231 

The deposit was accompanied by: „ a scientific description _ a proposed xaxonomic description 
indicated above. 

The deposit was received J»lv 24. 1995 by this International Depository Authority and has been 
accepted. 

AT YOUR flEQUEST: 

X We will flat inform you of requests for the strain. 

The strain will be made available if a patent office signatory to the Budapest Treaty certifies one's right 
, to rec^e. or if a U.S. Patent is issued citing the strain and ATCC is instructed by the United States 
Patent & Trademark Office or the depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit. It shall be your 
responsibility to replace it with living culture of the same. 

The strain will be maintained for a period of at least 30 years after the date of deposit, and for a period 
of at least five years after the most recent request for a sample. The United States and many other 
countries are signatory to the Budapest Treaty. 

The viability of the culture cited above was tested August 1. 1995. On that date, the culture was 
viable. 

international Depository Authority: American Type Culture Collection. Rockville. Md. 20852 USA 

Sign&ti re of person having authority to represent ATCC: 

JJQ'fcX- tZ^^"^ Date: August 9. 1995 

cie L. Bade. Oirectar. Patent Depository 
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Commissioner for Patents, 
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David A. Gass 
Attorney for Applicants 



AMENDMENT AND REPLY PURSUANT TO 37 C.F.R. § 1.111 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In an official action mailed March 24, 1998, the U.S. Patent and 
/Trademark Office (the Patent Office) allowed claims 33-36, but rejected claims 
1, 3-5, 7, 11, 18-32, and 37-38 variously under 35 U.S.C. 5 5 112, first and 
second paragraphs. The Patent Office also objected to an amendment under 
5 1 32, alleging that the amendment introduced new matter. The Applicants 
respectfully request reconsideration in light of the following amendments and 
remarks. This amendment has been timely filed with a petition and fee f r one 
month extension of time, extending the shortened statutory period to July 24, 
1998. 



AMENDMENTS 

In thft snecification: 

3 lease amend the specification as set forth below: 



Please delete tteamendment to the priority claim at page 1, line 3, 
filed on A ugust 12, 199,6, and substitute therefor the following updated priorit y^ 
claim: ^This appii^atfa^i* also a continuation-in-part of U.S. Patent Application 




Serial No. 08/340,011, filed November 14, 1994, now U.S. Patent No. 
5,776.755.t" 




At page 5, line 21, delete "SEQ ID NO: 2" andsObstitute therefor 



-SEQ ID NO: 33--. 

At page 5, line 31, delete^ poly peptide" ^-substitute therefor 

—polypeptides--. 

Please cancel the amendment to page 29, line 1 , of the 
specification made on November 26, 1996, a nd substitute therefor the 
following amendment at the same location: -^The approximately 2.1 kb cDNA 




insert of the deposited plasmid pFLT4-L was sequenced and found to have a 
nucleotide sequence that includes the 1997 nucleotides of sequence set forth in 
.SEQ ID NO: 44. The nucleotide sequence set forth in SEQ ID NO: 44 enc des 
the 419 residue amino acid sequence set forth in SE Q ID N0^45^ " 



I At page 29, line 3, delete "this reading frame" and substitute; 
.therefor -jth e reading frame specified in SEQ ID NOs: 32-33 ^ 

At page 31, line 20, after "ORF" please insert ^specified in SEQ ID 





i the claims: 

Please^hend claims 1. 3-5, 7, 18-19, 26-33 and 36-37; and add 
new claims 39-44 as shownlaelow: 



i 

t 



i ! 




1 . (Three times amy ded) A host cell transformed or transfected 
with a polynucleotide [encoding 1 polypeptide that is capable of binding with 
high affinity to the extracellular dlmain of human Flt4 receptor tyrosine kinase]. 

wherein said polynucleotide includes a strand that hybridizes t a 
DNA comprising the non-coding slrand complementary to SEQ ID NO: 32, 
-"under the following hybridization conditions: 

(a) hybridizatiorl at 42°C for 20 hours in a solution 
containing 50% formamide, WsspETS^nhardt's solution, 
0.1% SDS and 0.1 mg/ml denatured salmon sperm DNA; and 

(b) washing the }i|ter pdlce for thirty minutes at room 



ninutes at 65°C with a wash 
I % SDS; and 



temperature and twice for tl 
< solution containing 1x SSCjar 

wherein said host ce/l 'eAesses^ polypeptide encoded by said ' ■ 
polynucleotide, [said polypeptidemia domain defined by eight cons rved 
cysteines and having homology to vascular endothelial growth factor (VEGF) 
and lacking any domain having cysteinelmotifs of a Balbiani ring 3 protein 

<BR3P)1 \ 

wfrprgin said pniypgnti d ff inAinrifts a domain defined by eig ht 

r yctoinp r^in u ^ fh ? t »™ consprved in himan va'.Hilar endothelial growth 

f.ntnr fVEGR h"™n matei et dprived gro Wi factor A (PPfiF-A) . and human 

ptatftlet d e , ri^ H growth fartor B (PDGF-B)l 

whAtPin said pni yppptide l ackls anv do main that has one or more 

rygtPing motifs * Ralnfo ni ""fl 3 nmtpin VRR3P). and 

w h prpin said p ol ypeptide i s r4*"* nf binding to the extracellular 

Hnrnam of human FIM rprpntnr tyrosine kinase 



3. (Three times amended 



Sst cell transformed or transfected 




wim * r.. u c:aic ac; J — Minn * nnivnt iftik& tirift mmnrisinn a nucleotide sequence 
that Pncndes [a polypeptide having] thAmino acid sequence shown in SEQ ID 
NO: 33, wherein said host cell expresses\a polypeptide encoded by said 
p lynucleotide, [said polypeptide including 



^domain defined by eight conserved 
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cysteines and having homology 
and lacking any domain having 



to vascular endothelial growth factor (VEGF) 
;ysteine motifs of a Balbiani ring 3 protein 
(BR3P)] said polvppptide incl u ding a contiguous portion of SEQ IP NQ; 33 that 



is sufficient to bind to the extr acellular domain of human Flt4 receptor tyrosine 
kinase (nt4EC). \ / 

wherein said contiquous,6ortion inclu des eight cysteine residues 
that are conserved in human vasciltar endothelial growth factor (VEGF). human 



platelet dprivfid growth factor A (P^)GF -Al /and human platelet derived growth 
factor B (PDGF-B). f\/ 

wherein said polvpen /irfe lacks anv portion of SEQ ID NO: 33 that 
has one or more cysteine moti fs of a\Balbiani ring 3 protein (BR3P). and 
wherein said polypeptide! is capable^ binding to FTt4EC. 



4. (Twice amended) A hbst cell according to claim 3 wherein said 
[nucleic acid] nucleotide sequence comprises nucleotides 37 to 1Q86 Of the 
sequence shown in SEQ ID NO: 32. 



5. (Three times amended) A host cell according to claim 3 wherein 
said polynucleotide is a vector comprising [a nucleic acid] an expression control 
sequence operatively linked to the nucleotide s equence that encodes la 
polypeptide having] the amino acid sequence show n in SEQ ID NO: 33^ 



7. (Twice amended) A h ?st cell comprising the insert of plasmid 
pFLT4-L, deposited as ATCC accessi n ^ftfo. 97231, wherein said host cell 
expresses and secretes a polypeptide < ncoded by said insert* [plasmid, said 
polypeptide including a domain defined by eight conserved cysteines having 
homology to vascular endothelial grow ;h factor (VEGF) and lacking any domain 
having cysteine motifs of a Balbiarii rinij 3 protein (BR3P)] 

wherein said secreteH polypeptide binds to human Flt4 receptor 



tyrosine kinase and includes a domain Hpfined by eight cysteine residues that 



are conserved in hu man vascu lar endothelial growth factor (VEGF). human 
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platelet derived growth factor A fP^CT^H. and human platelet derived growth 
fartor B (PDGF-B). and l\y 

yv/hftffiin said sficreteq^t olyfteptide lacks anv domain that has one 
nr more cysteine m o tifs of a Balhiamrinq 3 Protein (8R3P) . 



18. (Twice amended) A puripe'ciand isolated nucleic acid 
comprising a nucleotide sequence tha ^codes a polypeptide that is capable of 
binding to [an] human FIt4 receptor tyrosine kinase, said polypeptide having an 
amino acid sequence comprising a dfoition of the amino acid sequence shown in 
SEQ ID NO: 33 effective to permit such/binding, sa id nucleic acid 
[polynucleotide] lacking a nucleotide^equence that encodes the portion of the 
amino acid sequence shown in SEQ ID\NO: 33 that has cysteine motifs of a 
Balbiani ring 3 protein. 





19. (Amended) A purif and isolated nucleic acid according to 
claim 1 8 wherein said polypeptide is hi pajbte of stimulating tyrosine 
phosphorylation of human Flt4 recepto^yyrosine kinase. 




26. (Amended) A host ce*|l according to claim 1 that expresses a 



naturally occurring [VEGF-C] Flt4 ligand 



27. (Amended) A host ce! 

4 

human [VEGF-C] Flt4 liaand protein encoded 



protein encoded by said polynucleotide. 



ccording to claim 1 that expresses a 
by said polynucleotide. 



28. (Amended) A host ce 
said host cell expresses said polynucle 
[VEGF-C] protein that is caoahle of hir|dinottf 1 
Flt4 receptor tyrosine kinase , saio oroteir 
23 kD as assessed by SDS-PAGE under Veducing conditions. 



according to claim [27] 1, wh rein 
tide and produces a [mature] human 
n o td the extracellular domain of human 



- 5 - 



29. (Amended) A host 
polynucleotide is an expression vecto 
expression control sequence operativeMy 
encodes said polypeptide. 



cell according to claim 1 wherein said 
said expression vector including an 
linked to [a nucleotide] sequence that 



)0 



30. (Amended) A [polynucleotide] 
18 wherein said portion of the amino 
a continuous portion that includes [a 
of SEQ ID NO: 33 that are conserved 



factor (VEGFL human platelet derived 



platelet derived growth factor B (PDGf 



1 8 wherein said portion of the amino a 
a continuous portion having amino 
terminal residue, and having as its 
between residues 119 and 1 26 of 



nucleic acid according to claim 
icid sequence shown in SEQ ID NO: 33 is 
VEGF-homoIogous portion] eight cysteines 
n human vascular endothelial growth 



growth factor A (PDGF- A) . and human 



ifiL and excludes the carboxyl terminal 



portion of SEQ ID NO: 33 that containb cysteine motifs of a Balbiani ring 3 
protein. 



31. (Amended) A [polynucleotide] nucleic acid according to claim 



:id sequence shown in SEQ ID NO: 33 is 
f SEQ ID NO: 33 as its amin 
terminal residue an amino acid 
NO: 33. 



32. (Amended) A pukjfiec 
claim 1 9 wherein amino terminal amino 
have an amino acid sequence [correspending] 
through 18 set forth in SEQ ID NO: 13 



ap^Msolated nucleic acid according to 
acids 2 through 18 of said polypeptide 
identical to amino acids 2 



33. (Amended) A polynuc leotide encoding a polypeptide that is 
capable of binding the extracellular dom ain of human Flt4 receptor tyrosine 
kinase and stimulating tyrosine phospho -ylation of Flt4 receptor tyrosine kinase, 
said polypeptide having an amino ac id sequence consisting of a continuous 



p rtion f the sequ nee shown in SEQ ID NO: 33, said continuous portion 



commencing at residue number Tfof SEQ ID NO: 33 and lacking at least 
carboxy terminal residues of SEoWnO: 33 beyond residue 125. 



36. (Amended) A mejthod for producing a polypeptide that is 
capable of binding the extracellular Idomain of human Flt4 receptor tyrosine 
kinase and stimulating tyrosine phosphorylation of Flt4 receptor tyrosine kinase, 
comprising the steps of: I 

growing a host cell according to claim 35 under conditions which 
permit expression in said host cell ot a polypeptide encoded by said 
polynucleotide; and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell , wherein said polvpec tide is capable of bindinq'to the 



extracellu lar domain of human Flt4 re 



eptor tyro sine kinase and stimulating 



phosphorylation of F lt4 recentor tvro; 



ine kinase. 



37. (Amended) /^method for producing a polypeptide that is 



capable of binding the extracellular dc 
kinase, comprising the steps of: / ^ 
growing a host cell accor 



lain 



of human Flt4 receptor tyrosine 



Jing to any one of claims 1,3,4, 5, 7, 



26, or 27 under conditions whiclA perrfiipexpression by said host cell of a 
polypeptide that is capable of binarrtg^the extracellular domain of human Flt4 
receptor tyrosine kinase, said polypeptide including a domain defined by ight 
cysteine residues tha t are conserved in human vascular endothelial growth 
factor (VEGR. human platelet derived growth factor A (PDGF-AL and human 
platelet derived growth factor B (PDGF-B). [conserved cysteines and having 
homology to vascular endothelial growtn factor (VEGF)J and lacking any domain 
having cysteine motifs of a Balbiani ring\3 protein (BR3P); and 

isolating said poiypepuue fi \fn» tl'.G hcct zzll cr the growth medium 
of the host cell. 




— 39. A method according to claim 38 wherein said host cell is a 
mammalian host cell that secnetes said polypeptide and wherein said isolating 
step comprises isolating said polypeptide from said growth medium. 

40. A eukaryotic ijost cell according to claim 1 or 3 that secretes 
said polypeptide. 



41. A nucleic acid according to claim 30 wherein said continuous 
'portion has amino acid 1 of SEQ ID NO: 33 as its amino terminus. 

42. A host cell transformed or transfected with a polynucleotide 
comprising a nucleotide sequence tnat encodes a polypeptide that is capable f 
binding to the extracellular domain of human Flt4 receptor tyrosine kinase, 

wherein said polynucleotide includes a strand that hybridizes to a 
DNA comprising the non-coding strand cdnTplernentary to SEQ ID NO: 32, 
under the following hybridization conditions: 

(a) hybridization at A2°C for 20 hours in a solution 
containing 50% formamide, 5x SSPEyOX Denhardt's solution, 
0.1% SDS and 0.1 mg/ml denatured salmon sperm DNA; and 

(b) washing the filter uwice for thirty minutes at room 
temperature and twice for thirty minutes atfi&^C with a wash 
solution containing 1x SSC, anq^JJKrlsDS; and 

wherein said host cell expresses and secretes a polypeptide 
encoded by said polynucleotide, and 

wherein said polypeptide binds the extracellular domain of human 
Flt4 receptor tyrosine kinase and has a moleqular weight of about 23 kD as 
assessed by SDS-PAGE under reducing conditions. 



43. A purified and isolated nucleic acid comprising a nucleotide 
sequence that encodes a polypeptide that binds human FIt4 receptor tyrosine 
kinase, said polypeptide having an amino acid sequence comprising a 
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A 



continuous portion of the amino acid 
effective to permit such binding, said 
that encodes the carboxy-terminal por^ioi 
SEQ ID NO: 33 beyond residue 125 



equence shown in SEQ ID NO: 33 
lucleic a^pfd lacking a nucleotide sequence 
? the amino acid sequence sh wn in 






leic acid according to claim 43 
sequence that encodes the amino 



44. A purified and isola 
wherein said nucleic acid lacks a nuc 

terminal portion of the amino acid sequence shown in SEQ ID NO: 33 that 
precedes residue 1 X 



REMARKS 

1. History of claims and explanation of amendments. 
A. Prosecution History 

The application as filed contained 1 6 claims. 

In an official communication dated November 25, 1996, claims 
1-16 were subjected to a restriction requirement. In an Amendment and 
Election in Response to Restriction Requirement filed on January 24, 1 997, the 
Applicants: elected claims directed to nucleic acids, vectors, and host cells; 
canceled claims 2, 8-10, 12, and 14-16; amended claims 1, 3, 5, 11, and 13; 
and added claims 1 7-25. 

In an Office action dated May 28; 1997, claims 1-3, 7, 11, 13, 

17- 25 were rejected. In a responsive amendment dated November 26, 1997, 
the Applicants canceled claims 6, 13, and 17; amended claims 1, 3-5, 7, 11, 
18, and 20; and added new claims 26-38. Thus, claims 1, 3-5, 7, 11 and 18- 
38 were pending at the time the outstanding Office action was issued. In th 
outstanding Office action, claims 33-36 have been allowed, but claims 1 , 3-5, 
7, 11, 18-32, and 37-38 were rejected. 

\r» prcccr.t cmcndmep.t. t h<a Applicants amend claims 1, 3-5, 7, 

18- 19, 26-33, and 36-37; and add new claims 39-44. A copy of the claims, in 
their amended forms, is appended hereto for the Examiner's convenience. 
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nucleotides 37 to 1086 represent the portion of SEQ ID NO: 32 that enc des 
the amino acid sequence specified in SED ID NO: 33. 

The amendment to claim 5 to recite a vector comprising "an 
expression control sequence operatively linked" to a coding sequence finds 
support throughout the application, including at page 6, lines 28-30. 

The amendment to claim 7 to specify that the host cell "secretes" 
the encoded polypeptide, and to specify that the secreted polypeptide binds to 
FIt4, is found throughout the application. For example. Example 1 1 (p. 28) of 
the application describes the expression and secretion into the cell culture 
medium of a polypeptide encoded by the insert of the deposited plasmid. The 
polypeptide bound Flt4 and stimulated Flt4 phosphorylation. New claims 39-40 
are likewise supported by way of example (see Examples 6, 11, and 13, for 
example, teaching the use of eukaryotic/mammalian expression vectors and cell 
lines to express VEGF-C). 

Claims 18 and 19 have been amended to recite "human" (i. ., 
"human Flt4"). This amendment is not intended to imply that polypeptides f 
the invention which bind to human FIt4 would not also bind to Flt4 proteins of 
other animals. Claim 18 also has been amended to recite "nucleic acid" instead 
of "polynucleotide." This amendment is not intended to alter the scope of the 
claim, but merely to use a term that has ipsis verbis antecedent basis in the 
preamble. 

Claims 26 and 27 have been amended to recite "Flt4 ligand" 
instead of "VEGF-C." This amendment is not intended to diminish the scop f 
the claims, since VEGF-C is the name ascribed to an Flt4 ligand of the 
invention. See, e.g., specification at page 5, lines 17-19. Similarly, claim 28 
has been amended to recite a human protein "that is capable of binding to the 
extracellular domain of human Flt4 receptor tyrosine kinase," instead of reciting 
human "VEGF-C." 

Claim 28 also has been amended to delete the term "mature," 
which is believed t be unnecessary to define the invention, especially in view 
f th binding and molecular weight limitations of the claim. 
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The amendment to allowed claim 33 to recite "said polypeptide 
having an amino acid sequence consisting of a continuous portion of the 
sequence shown in SEQ ID NO: 33" is formal in nature and not intended t 
diminish the scope of the claim. 

Likewise, the amendment to allowed claim 36 merely makes the 
language of the final step of the claim more closely parallel the language f the 
preamble. This amendment is formal in nature and not intended to diminish the 

scope of the claim. 

New claim 41 finds support throughout the application as originally 
filed, including at page 23, lines 1-10, and claim 10 as originally filed. 

New claim 42 is directed to a host cell transformed or transfected 
with. a polynucleotide. The hybridization conditions recited in claim 42 are 
identical to those recited in claim 1 and find support, e.g.. in Example 10 at 
page 27, lines 10-14. The recitation in claim 42 that the host cell "secretes- 
the expressed polypeptide finds support, e.g., in Example 11 (p. 28). The size 
and binding characteristics that are recited in new claim 42 find support 
throughout the application as originally filed, including in Example 5 and in 

original claims 8 and 9. 

New claims 43-44 find support throughout the application as 
originally filed, including at page 6. lines 16-20. The specified terminal amin 
acids in claims 43-44 find support, e.g., at page 5, lines 27-34, and are the 
same terminal residues specified in allowed claim 33. 

II. The rejection of claims 7 and 37 under 35 U.S.C. 5112, first paragraph, 
was improper, and should be withdrawn. 

Paragraphs 4 and 10-12 pertain to a rejection of claims 7 and 37 
under 35 U.S.C. §1 12, first paragraph. The Patent Office indicates that it will 
withdraw th* rejection if an appropriate statement is filed lifting all restricti ns 
on the availability of a deposited plasmid, consistent with Budapest treaty. The 
Applicants filed such a statement with their amendment dated November 26, 



1397, A copy of the statement is filed herewith. Thus, the objection to the 
specification and rejection should now be withdrawn. 

III. The objection that a previous amendment introduced new matter should 
be withdrawn. 

In paragraphs 4 and 10 of the Office action, the Patent Office 

objects to an amendment to introduce SEQ ID NO: 44 and 45 into the 

application, alleging that the amendment introduces new matter: 

The specification discloses that the Rt4-L clone has an 
approximately 2. 1 kb insert and has been deposited as 
ATCC Deposit No. 97321 (pp. 28-29). Applicant has not 
stated or shown the relationship between the 2.1 kb insert 
and the 1997 bp cDNA sequenced and presented as SEQ ID 
NO: 44. Thus, it is not clear whether the 2.1 kb insert has 
the sequence of SEQ ID NO: 44. If the 1997 bp insert is the 
same as that of the 2. 1 kb insert, this aspect of the rejection 
could be overcome by amending the sentence added in th 
amendment of 1 December 1 997 to state that "The 
approximately 2.1 kb cDNA insert of the deposited plasmid 
pFLT4-L was sequenced and found to have a 1997 base pair 
nucleotide sequence as set forth in SEQ ID NO: 44." It is 
further noted that the nucleotide sequence of the plasmid is 
not SEQ ID NO: 45, as stated in the added sentence. 
SEQ ID NO: 45 is a translated open reading frame of the 
nucleotide sequence of SEQ ID NO: 44 ... . 

(Office action at p. 4; see also p. 2.) 
The Applicants respectfully traverse. 

The allegation that the previously-filed Rule 1 32 Alitalo declarati n 
fails to state that the cDNA insert was derived from ATCC Deposit No. 97231 
is incorrect. Paragraph 4 of the declaration identifies the plasmid by its ATCC 
accession number and paragraph 5 states, "Attached hereto as Exhibit B is a 
1997 nucleotide sequence of the cDNA that was deposited with the ATCC. 
Exhibit B also depicts the deduced 419 amino acid open reading frame. These 
sequences have been added to the patent application as SEQ ID NOs: 44 and 
45." Thus, the amendment to add SEQ ID NOs: 44-45 to the application had 
sufficient corroboration. 
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Notwithstanding the foregoing, the Applicants have adopted all of 
the Patent Office's suggestions to overcome the new matter objection. Th 
Applicants have amended the application at page 29 to exp.ain the re.at,onsh,p 
between the approximately 2.1 kb insert and the 1997 base pair -cuence; * 
Applicants have c.arified the DNA/encoded protein relationship between SEQ iD 
NO- 44 and 45; and the Appiicants have fi.ed herewith another dec.aration from 
Dr A.ita.o confirming that SEQ ID NOs: 44 and 45 represent nucleotide and 
aed uced amino acid sequences of the deposited p.asmid. Accordingly, the new 
matter objection should now be withdrawn. 

. - « i-.--.oi 1R 23-31 and 37-38 under S1 12. first 
IV. The rejection of claims i.lo. a,,u ° 

paragraph, should be withdrawn. 

in paragraphs 5 and 13 of the outstanding Office action, the 
Patent Office rejected Cairns 1. 18. 23-31. and 37-38 under 5112. first 
paragraph. alleging that the specification does not reasonab.y enab.e the full 
scope of these claims. As its basis for rejection, the Patent Office al.eges that 
neither the app.ication nor the prior art enables one skilled in the art to use a 
polypeptide which binds to the F.t4 receptor and which does NOT stimulate 
tyrosine phosphorylation activity of the receptor. (Office action at pp. 5-7.) 
The Applicants respectfully traverse. 

The present patent application teaches uses for polypeptides of the 
invention that bind, but fail to activate, the Flt4 receptor. For example, at page 
7 lines 8-1 5. the app.ication teaches that Flt4 ligand polypeptides of th 
invention can be labeled and used to identify their corresponding recept r ,n 
situ Such labeled ligands can be used as detection or imaging agents, 
analogous to anti-F.t4 antibodies, to detect and/or image .ymphatic vessels and 
high endothelial venules that express the F.t4 receptor on their surface. Such 

. . — r — Kiow.hfimical tissue secti ns. 

imaging/detection uses include uses ioi a. .<•.,-.. „ 

Those skilled in the art understand that the activity of binding to the 

extracellular d main f Flt4 is all that is required to mak polypeptides effecfve 

for such uses. Stated differently, imaging a receptor with a labeled bind.ng 
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agent does nal require the labeled binding agent to activate the receptor. Such 
uses were discussed in an interview of March 24, 1998, in a related application 
(USSN 08/671,573), at which time Examiner Brown acknowledged that she had 
not considered such uses when entering the rejection. A similar rejection in the 
related application has now been withdrawn by the Patent Office. 

The application also teaches that peptides which block the Flt4 
receptor are useful as inhibitors to control endothelial cell proliferation and 
lymphangiomas. (See page 7, line 32, to page 8, line 2.) Persons skilled in the 
art understand that polypeptides that bind to the receptor but fail to activate 
the receptor can serve as competitive inhibitors. Thus, the application provides 
this additional use for polypeptides that bind F!t4 but fail to stimulate tyrosine 
phosphorylation of the receptor. 

Because the present application teaches those skilled in the art 
"how to use a polypeptide which binds to the Flt4 receptor but which does not 
stimulate tyrosine phosphorylation,- the Patent Office's basis for rejection is 
unfounded. Accordingly, the rejection of claims 1,18, 23-3 1 , and 37-38 under 
5112, first paragraph, should be withdrawn. 

V. The Patent Office's rejections of claims 1. 3-5, 7. 11. 18-30, 32, and 
37-38 under 35 U.S.C. §112, second paragraph, should be withdrawn. 

In paragraphs 15-22 of the Office action, the Patent Office rejected 

claims 1, 3-5, 7, 11, 18-30, 32, and 37-38 under 35 U.S.C. §112, second 

paragraph, alleging several bases why these claims were indefinite. The 

Applicants traverse-in-part and amend-in-part. 

A. The rejection of claims 1, 3-5, 7, 26-29, and 37 relating to th 
term "a domain defined by eight conserved cysteine residu s" 
should be withdrawn. 

In paragraph 1 6 of the Office action, the Patent Office rejected 
claims 1, 3-5, 7, 26-29, and 37, alleging that the term "a domain defined by 
eight conserved cysteine residues" was ind finite. The Applicants trav rse-in- 
part and amend-in-part. 
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n | T jc Hgar to what the p i^ht rasiriup*; am conserved. 

As its first rationale for rejection, the Patent Office asserted. "It is 
unclear to what the eight residues are conserved." (Office action at p. 8.) The 
Applicants amendments render this-rationale moot. For example, claim 1 has 
been amended to recite, "wherein said polypeptide includes a domain defined 
by eight cysteine residues that are conserved in human vascular endothelial 
growth factor (VEGF), human platelet derived growth factor A (PDGF-AI, and 
human platelet derived growth factor B (PDGF-B)." Claims 3. 7. and 37 hav 
been amended similarly. The eight conserved cysteines are readily apparent to 
scientists skilled in the art. (See the alignment of VEGF. PDGF-A, and PDGF-B 
in Fig. 10A of the patent application, with conserved cysteines at positions 
103, 130. 136, 139, 140, 147, 184, and 186.) Since the claim now recites 
"to what the eight residues are conserved." the basis for rejection is rendered 
moot. 

2. minimum "mit* of the domain are clear. 

As its second rationale for rejection, the Patent Office asserted, "It 
is also unclear whether the limits of the domain are defined by the cysteines, 
that is. the domain starts and ends with cysteine residues, or whether the 
domain is defined by a different parameter." (Office action at p. 8.) 

The basis for the rejection is contrary to the plain languag f the 
claims. If a domain is "defined by eight conserved cysteines." then it clearly is 
not "defined by a different parameter." Thus, the plain language of the claims 
demonstrates that this basis for rejection is improper, and that the minimum 
included portion of the encoded polypeptide is defined with particularity. 
Accordingly, the rejection should be withdrawn. 1 



1 Moreover, the Applicants' amendments to claim 3 render^ ba *&£ r 
NO: 33" that "includes", the eight c nserved cysteines. 
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3. The objection to the term "homology" is now moot. 

As a third basis for rejection the Patent Office alleged, "thes 
claims are indefinite with respect to the term 'having homology to vascular 
endothelial growth factor.* It is not clear whether this means that the 
polypeptide has similarity to VEGF, or whether the polypeptide has a common 
evolutionary origin with VEGF.- (Office action at p. 8.) 

The Applicants respectfully submit that this phrase is clear and 
that "similarity" and "common evolutionary origin" are not incompatible 
concepts. However, solely to expedite allowance, the Applicants have deleted 
the allegedly indefinite term from claims 1,3, 7, and 37, rendering this basis for 
rejection moot. 

4- Conclusion 

For the reasons set forth above, the rejection of claims 1 , 3-5, 7, 
26-29, and 37 should be withdrawn. 

B. The rejection of claims 1, 3-5, 7, 11, 18-30, 32, and 37-38 with 
respect to the term "cysteine motifs of a Balbiani ring 3 protein" 
should be withdrawn. 

In paragraph. 1 7 of the Office action, the Patent Office rejected 
claim 1; 3-5, 7, 11, 18-30, 32, and 37-38, alleging that the phrase "cysteine 
motifs of a Balbiani ring 3 protein" in claims 1, 3 f 7, 18, 30, and 37 is 
indefinite. The Applicants respectfully traverse. 

The Patent Office's first basis for rejection rests upon the two-part 
premise that "Since the BR3P domain is not defined in the specification, one 
cannot determine what a BR3P domain is." (Office action at p. 9.) Neither part 
of this premise is correct. The specification adequately defines the cysteine 
motifs of a Balbiani ring 3 protein (BR3P) at page 1 1 , lines 1 6-25, citing two 
articles in the literature (both of record). 1 The citation to literature in the art is 



As discussed in paragraph 6 f the Rule 1 32 declaration of Dr. Alital 
dated N vember 26, 1 997, BR3P cysteine m tifs ar quit distinctive in 
character (Cys-Xaa n -Cys-Xaa-Cys-Xaa-Cys) and occur at least four times in the 
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more than adequate to describe that which is already known in the art. See. 
e.g.. Hybritech, Inc. v. Monoclonal Antibodies. Inc.. 231 U.S.P.Q. 81. 94 (Fed. 
Cir. 1986) (It is axiomatic that patent applications need not contain, and 
preferably omit, that which is well known in the art.).* 

Moreover, even if the specification lacked the description at page 
11. the fact remains that the characteristic BR3P cysteine motif was within the 
knowledge of those skilled in the art at the time of filing, such that one skilled 
in the art could determine whether or not a polypeptide contained a domain 
characterized by one or more BR3P cysteine motifs. See M.P.E.P. § 2164.08 
("Not everything necessary to practice the invention need be disclosed. In fact, 
what is well-known is best omitted.") Thus, the patent application contains 
sufficient definition of cysteine motifs of a BR3P protein for the reader skilled in 
the art. See. e.g.. In re Moore. 169 U.S.P.Q. 236. 238 (CCPA 1971) (Claim 
language must not be analyzed in a vacuum, "but always in light of the 
teachings of the prior art and of the particular application disclosure as it would 
be interpreted by one possessing the ordinary level of skill in the pertinent 
art."). 

The Patent Office's second basis for rejection alleges that "it is 
unciear whether the limits of the domain are defined by the cysteines, that is. 
the domain starts and ends with cysteine residues, or whether the domain is 
defined by a different parameter." (Office action at p. 8.) The Applicants 
respectfully submit that the plain language of the claims state that the claimed 
polypeptides lack portions defined by the cysteines, and that no reasonable 
alternative interpretation exists. For example, amended claim 1 recites, in 



carboxy terminal portion of the VEGF-C precursor A^J^gJS 30 9 4 315. 
ID NO: 44, Cys residues at positions 280. 291, 293, 295, residues jw, o ii a. 
317 319- residues 328, 339. 341. and 343; and residues 347, 358, 360, ana 
362) the appSo.. Jepicti VEGF-C n«.«irsor amino acid sequence, and 
tiVe distinctive H BR3P motifs in the carboxy-terminus would De reaoi.y • 
to the reader skilled in the art. 

Notwithstanding the accepted practice of omitting jihar which is w II 
kn wn in the art. the Applicants will amend the specification t include an 
except from th , cited nam and Case article, if the Patent Office requests. 
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pertinent part, that the polypeptide "lacks any domain that has one or more 
cysteine motifs of a Balbiani ring 3 protein (BR3P)." There is no ambiguity to 
determining whether or not a protein's amino acid sequence includes or lacks 
one or more "Cys-Xaa^Cys-Xaa-Cys-Xaa-Cys" sequences. 

: For all of these reasons, the rejection of claims 1, 3-5, 7. 11, 18- 
30, 32, and 37-38 should be withdrawn. 

C. The rejection of claims 1, 26-29, and 37 with respect to the term 
-high affinity" has been rendered moot. 

In paragraph 18 of the Office action, the Patent Office rejected 
claims 1 and claims 26-29, and 37 which depend therefrom, alleging that the 
claims- were indefinite with respect to the term "high affinity" recited in claim 1: 
"The term •high affinity 1 is relative, and it is not clear how strongly a protein 
must bind to the Flt4 receptor in order for it to be considered 'high affinity.' It 
is suggested that the claims be amended to recite a particular range of K d ." 

(Office action at p. 8.) 

The Applicants respectfully submit that the term "high affinity" is 
not indefinite to a person of ordinary skill in the art in view of the teachings of 
the application and the art to which the invention pertains. Notwithstanding 
this fact and solely to expedite allowance, the Applicants have amended claim 
1 to delete the allegedly indefinite term, rendering this basis for rejection moot. 
The subject matter of the claim is adequately defined by the limitations that 
remain after this, amendment. 

D. The rejection of claims 1, 3-5, 7, 26-30, and 37 with respect to 
the term "including" should be withdrawn. 

In paragraph 19 of the outstanding Office action, the Patent Offic 
rejected claims 1. 3-5, 7. 26-30, and 37, alleging that the term "including" was 
indefinite because "it is unclear whether 'including' is equivalent to the pen 
language 'comprising' or the closed language 'consisting of.'" (Office acti n at 
p. 9.) The Applicants respectfully traverse. The term "including" is 
unequivocally interpreted as open claim language, synonym us with the term 
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"comprising." See M.P.E.P. §2111.03. Accordingly, this rejection should be 
withdrawn. 

E. The rejection of claims 3. 5, 18, 24-25, and 30-31 for lack f 
antecedent basis has been rendered moot. 

In paragraph 20 of the outstanding Office action, the Patent Office 
rejected claims 3, 5, 18. 24-25, and 30-31, alleging that the term "said 
polynucleotide" as recited in the claims lacks antecedent basis The Applicants 
have amended claim 3 to provide ipsis verbis antecedent basis for the term 
"said polynucleotide," thereby rendering the rejection moot with respect to 
claim 3 and also claim 5 which depends from claim 3. 

The Applicants have amended claims 18 and 30-31 to recite 
"nucleic acid" instead of "polynucleotide." This substitution of terminology 
renders moot the rejection of claims 18, 24-25, and 30-31. The term "nucleic 
acid" in the amended claims has ipsis verbis antecedent basis support. 

For these reasons, the rejection of claims 3, 5, 18, 24-25, and 30- 
31 has been rendered moot, and should be withdrawn. 

F. The rejection of claim 30 has been rendered moot. 

In paragraph 21 of the Office action the Patent Office alleged, 
"Claim 30 is indefinite with respect to the term 'VEGF-homologous portion/ It 
is not clear whether this means that the polypeptide has similarity to VEGF, or 
whether the polypeptide has a common evolutionary origin with VEGF 
(Office action at p. 9.) The Applicants respectfully submit that this phrase is 
clear and that -similarity" and -common evolutionary origin" are not incompatible 
concepts. However, solely to expedite allowance, the Applicants have deleted 
the allegedly indefinite term, rendering this basis for rejection moot. 
Accordinyly, Li.e reject™ of c^m 30 should be withdrawn. 
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G- The rejection of claim 32 has been rendered moot. 

In paragraph 22 of the Office action, the Patent Office alleged, 
"Claim 32 is indefinite with respect to an amino acid sequence 'corresp nding 
to* another amino acid sequence. It is unclear whether 'corresponding to 1 
means that the amino acid sequence is identical or not." (Office action at p. 9.) 
Solely to expedite allowance, the Applicants have substituted the term 
"identical to" for the term "corresponding to" in claim 32, rendering this 
rejection moot. 

H. Conclusion. 

For all of the foregoing reasons, the Patent Office's rejections of 
claims 1, 3-5, 7, 11, 18-30, 32. and 37-38 under 35 U.S.C. §112, second 
paragraph, should now be withdrawn. 

VI. Status update relating to priority applications. 

The 1994 priority application has now issued as U.S. Patent No. 
5,776,712. The Applicants wish to apprise the Examiner that prosecution has 
been suspended in U.S. S.N. 08/510,133 because "A reference relevant to the 
examination of this application may soon become available." 
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VII. Summary 

The Applicants respectfully request entry of the foregoing 
amendments and allowance of all of the pending claims in view of the f regoing 



remarks. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 
MURRAY & BORUN 

6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 



Dated: July 23, 1998 




David A. Gass 
Registration No. 38,153 
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22. A purified and isolated nucleic acid according to claim 21 
wherein said polypeptide comprises approximately 1 20 amino acids. 

23. A purified and isolated nucleic acid according to claim 1 8 
wherein said polypeptide has an apparent molecular weight of about 32 kDa as 
assessed by SDS polyacrylamide gel electrophoresis under reducing conditions. 

24. A vector comprising a nucleic acid according to claim 18. 

25. A host cell transformed or transfected with a vector according 

to claim 24. 

26. (Amended) A host cell according to claim 1 that expresses a 
naturally occurring Flt4 ligand protein encoded by said polynucleotide. 

27. (Amended) A host cell according to claim 1 that expresses a 
human FIt4 ligand protein encoded by said polynucleotide. 

28. (Amended) A host cell according to claim 1, wherein said 
host ceil expresses said polynucleotide and produces a human protein that is 
capable of binding to the extracellular domain of human Flt4 receptor tyrosine 
kinase, said protein, having a molecular weight of about 23 kD as assessed by 
SDS-PAGE under reducing conditions. 

29. (Amended) A host cell according to claim 1 wherein said 
polynucleotide is an expression vector, said expression vector including an 
expression control sequence operatively linked to sequence that encodes said 
polypeptide. 

30. (Amended) A nucleic acid according to claim 1 8 wherein said 
portion of the amino acid sequence shown in SEQ ID NO: 33 is a continuous 
portion that includes eight cysteines of SEQ ID NO: 33 that are conserved in 
human vascular endothelial growth factor (VEGF), human platelet derived 
growth factor A (PDGF-A), and human platelet derived growth factor B (POOF- 
S' and excludes the carboxyl terminal portion of SEQ ID NO: 33 that c ntains 
cysteine motifs of a Balbiani ring 3 protein. 

31. (Amended) A nucleic acid according to claim 18 wherein said 
portion of the amino acid sequence shown in SEQ ID NO: 33 is a continu us 
portion having amino acid 1 of SEQ ID NO: 33 as its amino terminal residue, 
and having as its carboxy terminal residue an amino acid between residues 119 
and 1 26 of SEQ ID NO: 33. 
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32 (Amended) A purified and isolated nucleic acid according t 
claim 19 wherein amino terminal amino acids 2 through 18 of said polypeptide 
have an amino acid sequence identical to amino acids 2 through 18 set f rth in 
SEQ ID NO: 13. 

33. (Amended) A polynucleotide encoding a polypeptide that is 
capable of binding the extracellular domain of human FIt4 receptor tyrosine 
kinase and stimulating tyrosine phosphorylation of Flt4 receptor tyrosin kinase, 
said polypeptide having an amino acid sequence consisting of a continu us 
portion of the sequence shown in SEQ ID NO: 33, said continuous portion 
commencing at residue number 1 of SEQ ID NO: 33 and lacking at least 
carboxy terminal residues of SEQ ID NO: 33 beyond residue 125. 

34. An expression construct comprising the polynucleotid 
according to claim 33 operatively linked to an expression control sequence. 

35. A host cell transformed or transfected with the expression 
construct of claim 34. 

36. (Amended) A method for producing a polypeptide that is 
capable of binding the extracellular domain of human Rt4 receptor tyrosin 
kinase and stimulating tyrosine phosphorylation of FIt4 receptor tyrosine kinase. 

comprising the steps of: 

growing a host cell according to claim 35 under conditions which 
permit expression in said host cell of a polypeptide encoded by said 
polynucleotide; and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell, wherein said polypeptide is capable of binding to the 
extracellular domain of human Flt4 receptor tyrosine kinase and stimulating 
phosphorylation of Fit4 receptor tyrosine kinase! 

37. (Amended) A method for producing a polypeptide that is 
capable of binding the extracellular domain of human Flt4 receptor tyrosine 
kinase, comprising the steps of: 

growing a host cell according to any one of claims 1, 3, 4 f 5, 7, 
26, or 27 under conditions which permit expression by said host cell of a 
polypeptide that is capable of binding the extracellular domain of human Flt4 
receptor tyrosine kinase, said polypeptide including a domain defined by eight 
cysteine residues that are conserved in human vascular endothelial growth 
factor (VEGF), human platelet derived growth factor A (PDGF-A), and human 
piaieiei ««W grcv.th factor B (pdgf-B). and lacking any domain having 
cysteine motifs of a Balbiani ring 3 protein (BR3P); and 

isolating said polypeptide from the host cell or the growth medium 
f the host cell. 
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38. A method for producing a polypeptide that is capable of 
binding the extracellular domain of human Flt4 receptor tyrosine kinase, 
comprising the steps of: 

growing a host cell according to claim 25 under conditions which 
permit expression by said host cell of a polypeptide encoded by said nucl ic 
acid that is capable of binding the extracellular domain of human Rt4 receptor 
tyrosine kinase; and 

isolating said polypeptide from the host cell or the growth medium 
of the host cell. 

39. A method according to claim 38 wherein said host cell is a 
mammalian host cell that secretes said polypeptide and wherein said isolating 
step comprises isolating said polypeptide from said growth medium. 

40. A eukaryotic host cell according to claim 1 or 3 that seer tes 
said polypeptide. 

41. A nucleic acid according to claim 30 wherein said continuous 
portion has amino acid 1 of SEQ ID NO: 33 as its amino terminus. 

i. 42. A host cell transformed or transfected with a polynucleotide 

comprising a nucleotide sequence that encodes a polypeptide that is capable of 
binding to the extracellular domain of human Flt4 receptor tyrosine kinase, 

wherein said polynucleotide includes a strand that hybridizes to a 
DNA comprising the non-coding strand complementary to SEQ ID NO: 32, 
under the following hybridization conditions: 

(a) hybridization at 42°C for 20 hours in a solution 
containing 50% formamide, 5x SSPE, 5x Denhardt's solution, 
0.1 % SDS and 0.1 mg/ml denatured salmon sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65°C with a wash 
solution containing 1x SSC, and 0.1% SDS; and 

wherein said host cell expresses and secretes a polypeptide 
encoded by said polynucleotide, and 

wherein said polypeptide binds the extracellular domain of human 
Flt4 receptor tyrosine kinase and has a molecular weight of about 23 kD as 
assessed by SDS-PAGE under reducing conditions. 

43. A purified and isolated nucleic acid comprising a nucleotid 
sequence that encodes a polypeptide that binds human Flt4 receptor tyrosine 
kinase, said polypeptide having an amino acid sequence comprising a 
continuous portion of the amino acid sequence shown in SEQ ID NO: 33 
effective to permit such binding, said nucleic acid lacking a nucleotide sequence 
that encodes the carboxy-terminal portion of the amino acid sequence shown in 
SEQ ID NO: 33 beyond residue 125. 
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44. A purified and isolated nucleic acid according to claim 43 
wherein said nucleic acid lacks a nucleotide sequence that encodes the amin 
terminal portion of the amino acid sequence shown in SEQ ID NO: 33 that 
precedes residue 1 . 
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PATENT M 
28967/33072A\ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFI 



Applicant(s): Alitalo et ai. 
Serial No: 08/585,895 
Filed: January 12, 1996 



Title: RECEPTOR LIGAND 
Group Art Unit: 1 64-6 
Examiner: Saoud 



AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME AUG 4 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



r 3Hr.\':CS CENT.-* " 



Sir: 



Transmitted herewith are the following documents for the above application: 

1 . Amendment and Reply Pursuant to 37 C.F.R. § 5 1.111; 

2. Declaration Under 37 C.F.R. S 1 .132 of Dr. Kari Alitalo; 



4. 
5. 



Declaration of Biological Culture Deposit in Compliance with Budapest Treaty 
Requirements; 

Check in the amount of $55.00 in payment of fee for extension of time; and 
Check in the amount of $ 1 59.00 in payment of fee for extra claims. 
CERTIFICATE OF MAIl ffSI G (37 CFR 1 Pt 

I hereby certify that this paper and the documents referred to as enclosed therewith are being 
deposited with the United States Postal Service as first class mail, postage prepaid, on July 23. 
2023 m 3n enve, ° pe addressed to 106 Assistant Commissioner for Patents, Washington, D.c! 



David A. Gass 



C 
D 



0 



1 . Small Entity Status 



H Small entity status has been established and is still effective. 



2. Extension of Time 

B , This is a petition for an extension of time under 37 CFR 1 .1 36 for the total number 
of months checked below: 



EXTENSION 
(Months) 


FEE FOR LARGE ENTITY 


FEE FOR SMALL ENTITY 


One Month 




$110.00 


X 


$55.00 


Two Months 




$400.00 




$200.00 


Three Months 




$950.00 




$475.00 


Four Months 




$1,510.00 




$755.00 



If an additional Extension of Time is required, please consider this a petition therefor. 



Extension Fee: $ 55.00 

O An extension for m „ month (s) 

has already been secured and the fee 

paid therefor of $ is 

deducted from the total fee due for the 
total months of extension now 
requested. 

Deduction: $0 

Extension Fee Due With This Request $£5JBQ 

RECEIVED 

m 4 m 

SfcRWCSCEMTS=s 



3. Fee for Claims 



The fee for additional claims [(37 CFR 1 .1 6{bMd)] has been calculated as shown below: ^ 











SMALL ENTITY 


OTHER 
SMALL 


THAN A 
ENTITY 




Claims 
Remaining 
After 


Highest No. 
Previously Paid For 


Present 
Extra 


Rata 


Additional 
Fee 


Rate 


Additional 
Fee 


TOTAL 


40 


MINUS 


33 


7 


XII = 


$77 


X22- 


$ 


INDEP. 


7 


MINUS: 


S 


2 


X41 t> 


$82 


X82- 


$ 


□ 


First Presentation of Multiple Dependent Claim 


+ 135 = 




+ 270- 


$ 


TOTAL ADDITIONAL FEE 


$159 - 


OR 


$ 



4. Method of Payment of Fees 

h Attached are checks in the amount of $55,00 and $159.00. 



□ Charge Deposit Account No. 1 3-2855 

in the amount of: $ I 

A copy of this Transmittal is enclosed. 

5. Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed 
or any additional fees which may be required during the pendency of this application under 
37 CFR 1.16 or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is 
enclosed. 

Please refund any overpayment to Marshall, OToole, Gerstein, Murray & Borun at the 
address below. 

Respectfully submitted, 

MARSHALL. O'TOOLE. GERSTEIN, 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606*6402 
(312)474-6300 




David A. Gass 
Reg. No: 38,153 



July 23, 1998 



-3- 



M 2 7WB £| 

PATENT 
28967/33072 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant): Alitalo et al. j ™e: RECEPTOR LIGAND 

Serial No: 08/585,895 ) Group Art Unit: 1646 
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1998. in an envelope addressed to the Assistant Commissioner for Patents. Washington. D.C. 

David A. Gass. 



1 . Small Entity Status 



B Small entity status has been established and is still effective. 



2. Extension of Time 



This is a petition for an extension of time under 37 CFR 1 .1 36 for the total number 
of months checked below: 



EXTENSION 
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FEE FOR SMALL ENTITY 
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Two 'Months 
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$200.00 


Three Months 




$950.00 




$475.00 


Four Months 




$1,510.00 




$755.00 



If an additional Extension of Time is required, please consider this a petition therefor. ' 



Extension Fee: $ 55.00 



O An extension for month(s) 

has already been secured and the fee 

paid therefor of $ is 

deducted from the total fee due for the 
total months of extension now 
requested. 

Deduction: $0 

Extension Fee Due With This Request $ 55.00 



Fee for Claims 

The fee for additional claims [(37 CFR 1 .16(bHd)l has been calculated as shown below: 
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Previously Paid For 
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Additional 
Fee 


Rate 


Additional 
Fee 




40 
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TOTAL _ 
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X82« 
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INOEP. 






+ 13S- 




+ 270« 
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TOTAL ADDITIONAL FEE 


$159 
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4. ' Method of Payment of Fees 

a Attached are checks in the amount of $55.00 and $1 59.00. 

Q Charge Deposit Account No. 13-2855 
in the amount of: 

•A copy of this Transmittal is enclosed. 



Deposit Account and Refund Authorization 

The Commissioner is hereby authorized, to charge any deficiency in the amount enclosed 
enclosed. 

Please refund any overpayment to Marsha... O'Too.e. Gerstein. Murray & Borun at the 

address below. 

Respectfully submitted. 

MARSHALL, tVTOOLE. GERSTEIN. 
MURRAY & BORUN 
6300 Sears Tower 
* 233 South Wacker Drive 

Chicago. Illinois 60606-6402 
(312)474-6300 




David A. Gass 
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FROM: David A. Gass 
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^^\l£v) IN THE UNITED STATES 
f£T$.»*>2/ paniNT AND TR A'HFMA'RK OFFICE 



In re Application of: 
Alitalo et al. 
Serial No.: 08/585,895 
FUed: January 12, 1996 
Title: RECEPTOR UGAND 
Art Unit: 1646 
Examiner: Saoud 




I hereby certify that this paper is 
deposited with the United States Postal 
Service as first class mail, postage 
prepaid, in an envelope addressed to: 
Assistant Commissioner for Patents 
Washington, D.C. 20231, on this date: 




David A. Gass 



DECLARATION UNDER 37 C.F.R. §1.132 OF DR. KARI ALITALO 
I, Kari Alitalo, do hereby declare and state as follows: 

1. I am a co-inventor of the above-identified U.S. Patent Application 
(hereinafter "the patent application"). I am familiar with the Office action from the U.S. 
Patent and Trademark Office dated March 24, 1998, in the patent application. I am 
making this declaration to provide facts and evidence to the Patent Office that may be 
relevant to the issues and rejections raised in the Office action. 

2. I understand that sequences identified as SEQ ID NOs: 44 and 45 were 
added to the patent application by an amendment dated November 26, 1997. and entered by 
the Patent Office on December 1. 1997. Copies of those two sequences are appended hereto. 
! .-derst-H that, at the time of the amendment, SEQ ID NOs: 44 and 45 were identified as a 
nucleotide sequence and a deduced amino acid sequence of a cDNA that was dc^Ud 

the American Type Culture Collection (ATCC) as plasmid pFLT4-L and that is cross- 
referenced in the patent application at pages 28-29. I understand that the Patent Office has 
objected to the amendment to introduce these two sequences into the patent application on the 



basis that such an amendment "introduces new matter into the disclosure." The Patent Office's 
basis for this allegation was as follows: 

The specification discloses that the FIt4-L clone has an approximately 
2. 1 kb insert and has been deposited as ATCC Deposit No. 9723 1 (pp. 
28-29). Applicant has not stated or shown the relationship between the 
2. 1 kb insert and the 1997 bp cDNA sequenced and presented as SEQ 
ID NO: 44. Thus, it is not clear whether the 2.1 kb insert has the 
sequence of SEQ ID NO: 44. If the 1997 bp insert is the same as that 
of the 2. 1 kb insert, this aspect of the rejection could be overcome by 
amending the sentence added in the amendment of 1 December 1997 to 
state that "the approximately 2.1 kb cDNA insert of the deposited 
plasmid pFLT4-L was sequenced and found to have a 1997 base pair 
nucleotide sequence as set forth in SEQ ID NO: 44." 

(Office action dated March 24, 1998, at paragraph 10.) 

3. I confirm that our laboratory sequenced the insert of the same plasmid that 
was designated pFLT4-L and that was deposited with the ATCC as ATCC Deposit No. 9723 1 
and that is referred to at pages 28-29 of the patent application. The nucleotide sequence of 
the insert of this plasmid (ATCC Deposit No. 9723 1) includes the 1997 nucleotides of 
sequence set forth in SEQ ID NO: 44 as appended hereto and added to the patent application 
in the amendment dated November 26, 1997. The 419 residue amino acid sequence set forth 
in SEQ ID NO: 45 (as appended hereto and added to the patent application) is deduced from 
the sequence set forth in SEQ ID NO: 44. 

4. The insert of plasmid pFLT4-L (ATCC Deposit No. 9723 1) contains 
additional (non-coding) sequence adjacent to the 1997 nucleotides of sequence set forth in 
SEQ ID NO: 44. The apparent size discrepancy between the approximately 2. 1 kb size of the 
insert (as estimated by agarose gel electrophoresis analysis) and the 1997 nucleotides of 
sequence as set forth in SEQ ID NO: 44 is explained by the existence of this additional non- 
coding sequence in the plasmid insert . 

Certification 

I hereby further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful, false statements and 
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the like so made are punishable by fine or imprisonment, or both under Section 1001 of Title 
18 of the United States Code, and that such willful, false statements may jeopardize the 
validity of the application or any patent issued thereon. 




Kari Alitalo 
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i2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1997 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 352.. 1608 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 

Met His 



1 



60 
120 
180 
240 



357 



TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
5 10 is 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 25 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 40 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 
Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 597 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
7 <> 75 80 

TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 645 
Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn 
85 go 55 



405 



453 



S01 



549 



-4- 



CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 693 
Leu Asn Ser Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr 
100 105 HO 

AAT ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu lie Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin 
US 120 12S 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 789 
Cys Met Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly Val 
135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys 
ISO 155 160 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT CTC TCT CAA 933 
Ser, Tyr Leu Ser Lye Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin 
180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
19S 200 205 210 

TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA ' 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg 
215 220 225 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala 
245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu. Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
23£i 20« 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAG AAA 1317 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 315 320 
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CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 330 33s 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 3so 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA ACT CCA CAG AAA TGC TTG 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lye Cys Leu 
355 360 365 37 0 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 
Leu Lys Gly Lys .Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 380 38S 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT ACT 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 395 4 0 o 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 
Glu G-lu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
4 °S 410 41S 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTTCTATTAT GGAAAACTGT 
Ser 



1365 



1413 



1461 



1509 



1557 



1605 



1658 



GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG TGGGTCCATG CTAACAAAGA 
CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 
TGCAAAAGGC CTCTTGTAAA GACTGGTTTT "CTGCCAATGA CCAAACAGCC AAGATTTTCC 
TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTGTTTCT 
GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT 



1718 
1778 
1838 
1898 
19S8 
1997 



(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 419 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION; SEQ ID NO:45: 

Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 
20 25 30 
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Glu Ser Gly lieu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala 
35 40 45 

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser 
50 55 60 

Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met 
65 70 75 80 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 
85 90 as 

Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala 
100 . 10S no 

His Tyr Asn Thr Glu lie Leu Lys Ser He Asp Asn Glu Trp Arg Lys 
115 120 12S 

Thr Gin Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe 
"0 135 140 

Gly.Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 
145 ISO 155 16Q 

Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 
165 170 175 

Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu 
180 185 190 

Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser 
195 200 205 

Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He 
210 21S 220 

He Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
225 230 235 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cya 
245 250 255 

Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser 
260 265 270 

Thr Asp Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu 
275 280 285 

Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 
290 295 300 

Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys 
303 310 315 320 

Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu 
325 330 335 
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Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Aon Gin Pro 
34 «> 345 ago 

Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys 
355 360 365 

Cys Leu Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tvr 
370 3 ?S 380 

Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser 
385 390 335 400 

Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro 
4 °S 410 41S 

Gin Met Ser 



-8- 



UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 



Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. O.C. 20231 



SERIAL NUMBER 



FILING DATE 



FIRST NAMED APPLICANT 



ATTORNEY DOCKET NO. 



M'.JriRAV & BORiJK 
6 3 0 0 S EARS T O W E K 
233 SOUTH W ACKER 
CHICAGO, IL 6060 6 -64 C 







281 13/33072 






EXAMINER 










-ART UNIT. 


I PAPER NUMBER 




DATE MAILED: 


Z-7 

10/03/93 



Please find below a communication from the EXAMINER in charge of this application. 

Commissioner of Patents 

Applicant's response filed 27 July 1998 has been received. However, a reference relevant to the 
examination of this application may soon become available. Ex parte prosecution is SUSPENDED INDEFINITELY 
from the date of this letter. Applicant should feel free to make an inquiry as to the status of the application if 
needed. 

Any inquiry concerning this communication or earlier communications from the examiner should be directed to 
Christine Saoud, Ph.D.. whose telephone number is (703) 305-7519. The examiner can normally be reached on 
Monday to Friday from SAM to 3PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Lila Feisee. can be 
reached on (703), 308-2731. The fax phone number for this Group is (703) 308-0294. 

Official papers filed by fax should be directed to (7U3I d0o-4i27. P«x„d d:=ft =r r^m.mications with 

the examiner should be directed to (703) 308-0294. 

Any inquiry of a genera! nature or relating to the status of this application or proceeding should be directed to th- 
Group receptionist whose telephone number is (703) 308-0196." 




Christine Saoud. Ph.D. 
October 6. 1 998 

^ JOHN ULM 

PRIMARY EXAMINER 
SRPUP1800 



SUBSTITUTE PTOt-30 



*2* A-/ 

^ f THE UNITED STATES 

In the Application of: Kari Atttalo 
and Vladimir Joukov 
Serial No.: 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR LIGAND 
Group Art Unit: 1646 
Examiner: Saoud, C. 



PATENT 

Attorney Docket No. 28967/33072 . 
AND TRADEMARK OFFICE J\Ji - 

) I hereby certify that this paper and"^ 

) the documents referred to as 

) enclosed herewith are being 

) deposited with the United States 

) Postal Service as First Class Mail, 

) postage prepaid, in an envelope 

) addressed to: Assistant 

) Commissioner for Patents, 

) Washington, DC 20231, on this 

) date: 

) July 26, 1999 

) Jill Eytfhl 

) Reg. No.: 43,213 

) Attorney for Applicants 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. $5 1.56. 1.97. AND 1.98 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Submitted herewith are a Form PTO-1449 listing several documents, 
together with a copy of each listed document. The Applicants respectfully request that 
these documents be made of record and considered in the above-identified application. 

Documents A3-A6 are U.S. priority documents of published PCT 
applications that are now publically available from WIPO- 

Documents B9-BI1, C117, CI IV, and Ci54-C157 wuc ;je»tificd by the 
European Patent Office in an International Search Report for a related PCT application. A 



copy of the search report is also attached hereto. ?:.>, 
Documents C120-C153 pertain to sequences, such as EST's, that have been 
posted in the Genbank Database, where the sequences should be available in computer 
readable form. 

This Information Disclosure Statement is not intended to be an admission 
that a search has been made, that other relevant art does not exist, or that any of the 
information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

Please charge any necessary fees due in connection with this Information 
Disclosure Statement to Deposit Account No. 13-2855. A copy of this paper is enclosed 
herewith. 



Respectfully submitted, 



MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 



July 26, 1999 




6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 




JN THE UNITED STATES 

In the Application of: Kari Aiitalo 
and Vladimir Joukov 
Serial No.: 08/585,895 
Filed: January 12, 1996 
For: RECEPTOR UGAND 
Group Art Unit: 1 646 
Examiner: Saoud, C. 



PATENT 

Attorney Docket No. 28967/33072 
AND TRADEMARK OFFICE 

) I hereby certify that this paper and 

) the documents referred to as 

) enclosed herewith are being 

) deposited with the United States 

) Postal Service as First Class Mail, 

) postage prepaid, in an envelope 

) addressed to: Assistant 

) Commissioner for Patents, 

) Washington, DC 2023 1 , on this 

) date: 

) July 26, 1999 

! f)« fUdt 

) Jill EyOhl 

) Reg. No.: 43,213 

) Attorney for Applicants - 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.F.R. SS 1 56. 1.97. AND 1.98 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sin 

Submitted herewith are a Form PTO-1449 listing several documents, 
together with a copy of each listed document. The Applicants respectfully request that 
these documents be made of record and considered in the above-identified application. 

Documents A3-A6 are U.S. priority documents of published PCT 
applications that are now publically available from WIPO. 

Documents B9-B11, C117, C119, and C154-C157 were identified by the 
European Patent Office in an International Search Report for a related PCT application. A 



copy of the search report is also attached hereto. 

Documents C120-C153 pertain to sequences, such as EST's, that have been 
posted in the Genbank Database, where the sequences should be available in computer 
readable form. 

This Information Disclosure Statement is not intended to be an admission 
that a search has been made, that other relevant art does not exist, or that any of the 
information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 

Please charge any necessary fees due in connection with this Information 
Disclosure Statement to Deposit Account No. 13-2855. A copy of this paper is enclosed 
herewith. 



Respectfully submitted, 



MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 



July 26, 1999 




Registration No.: 43,213 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 



RLE COPY 



SHEET . 



.of. 



Fonn FTO-1449 (Modified) / o\ Department of Cammm^ 

r ' t> \ Patau and Trademark Office 

JUL 2 3 t399 » I 

INFORMATION D%Gy>£lJRE STATEMENT 



(T/jc* several sheets if necessary) 



Ally. Docket No. 

28967/33072 


Serial No. 

08/585,895 


Applicant 

Alitalo, K. tt al. 


FUinc Date 

January 12, 
1996 


Group 

1646 





•Examiner 
Initials 




Document 
Number 


Issue 
Date 


Name 


Class 


Subclass 


Filing Date 
If 

Appropriate 




A3 


08/207,550 


none 


Jing-Shan Hu and 
Liang Cao 






03/08/94 




A4 


08/465,968 


none 


Crain Rosen, Jing- 
Shan Hu and Liang 
Cao 






06/06/95 




A5 


60/003,491 


none 


James Lee and 
William Wood 






09/08/95 


& 


A6 


08/554,374 


none 


Lyman, S. 






11/08/95 



FOREIGN PATENT DOCUMENTS 






•Examiner 
Initials 




Document 
Number 


Publication 
Date 


Country 


Class 


Subclass 


Translation 


Yes 


No 


fA- 


B8 


0 506 477 Al 


03/27/92 


EP 












B9 


97/05250 A 


02/13/97 


WO 










CM 


B10 


97/09427 A 


03/13/97 


WO 










— 


BI1 


Q7/1744? A 


IW1W7 


WO 











EXAMINER /O C* 


DATE CONSIDERED 


•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through 
citation if not in conformance end not considered. Include copy of this form with next communication to applicant. 



u 



SHEET 2 of 



Form PTO-1449 (Modifled) 



JUL 2 3 1559 



U.S. Department at Commerce 
Patent and Trademark Office 



INFORMATIOINBI^^^SURE STATEMENT 

(Use several sheets if necessary) { \^ 



Any. Docket No, 

28967/33072 



Serial No. 

08/585,895 



Applicant 

Alitalo, K. et al. 



Filing Date 

January 12, 
1996 



Croup 

1646 



1: 

r 

B 



OTHER DOCUMENTS (including Author. Title. Date. Pertinent P*<,~ ^ ^ 


(K 


C117 


Achen, M.G. et al., "Vascular Endothelial Growth Factor D (VEGF-D) is a 
Ligand for the Tyrosine Kinases VEGF Receptor 2 (Flkl) and VEGF Receptor 3 
(Flt4)," Proceedings of the National Academv nf VHrnr* tt<:j o**<aq «i 
(January, 1998). 






C118 


Adams, M.D. et al. , "Initial assessment of human gene diversity and expression 
patterns based upon 83 million nucleotides of cDNA sequence," Nature, 
377 ( 6547 Supplement) : 3- 1 74 (September, 1995). 






CII9 


Cohen, T. et al. t "VEGF I2I , A Vascular Endothelial Growth Factor (VEGF) 
Isoform Lacking Heparin Binding Ability, Requires Cell-Surface Heparan 
Sulfates for Efficient Binding to the VEGF Receptors of Human Melanoma 
Cells," Journal of Biological Chemistry, 270(19)-. 1 1322-11326 (Mav 12 1995) 






CI20 


Genbank AA151613, "zl27h03.sl Soares pregnant uterus NbHPU Homo sapiens 
cDNA clone 503189 3 \" Hillier, L. et al. Dated 14-May-1997 






C121 


Genbank AA425486, "zw46b06.rl Soares total fetus Nb2HF8 9w Homo sapiens 
cDNA clone 773075 5' similar to SW:VEGF MOUSE Q00731 VASCULAR 
ENDOTHELIAL GROWTH FACTOR PRECURSOR," Deposited by Hillier L 
etal. Dated 16-Oct-1997 






C122 


Genbank N317I3, "yyl5bl2.sl Homo sapiens cDNA clone 271295 3\" 
Deposited by Hillier. L. et aL Dated I0-Jan-1996 






C123 


Genbank N31720, "yyl5dl2.sl Homo sapiens cDNA clone 271319 3'/ 
Deposited by Hillier. L. et al. Dated 10-Jan-I996 ' f 






C124 


Genbank AA406492, "zvl2g06.rl Soares NhHMPu SI Homo sapiens cDNA 
clone 75366 5\" Deposited by Hillier, L. et al. Dated 17-May-1997 






CI25 


Genbank N50972, "yy94b08.sl Homo sapiens cDNA clone 281175 3*," 
Deposited by Hillier, L. et al. Dated 14-Feb-1996 




C126 


Genbank AA421713, "zu24b03.sl Soares NhHMPu SI Homo sapiens cDNA 
clone 738893 3V Deposited bv Hillier. L. etal. Dated 16-Oct-1997 | 



G 



a s< 



DATE CONSIDERED 



'T^??*: . blitia ' if considered, whether or not citation fa in conformance with MPEP 609; Draw line through 

_ ctatton ,f no. ,„ conformance and not considered. I nclmlc enpy of thi , f„ rm wi.l, next conunnnicnlion to applicant. 



SHEET 



of. 



Form PTO-1449 (Modified) 



U.S. Department of Commerce 
Patent and Trademark Office 



INFORMATION KtSCJ^YlRE STATEMENT 

(Use several sheets if necessary) \ ^ 



Any. Docket No. 

28967/33072 



Serial No. 

08/585,895 



Applicant 

Alitalo, K. et aL 



January 12, 
1996 



Group 

1646 



OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.) 






cm 


Genbank N94399, "zb76f04.sl Scares senescent fibroblasts NbHSF Homo 
sapiens cDNA clone 309535 3\" Deposited by Hillier, L et aL Dated 20-Aug- 
1996 






C128 


Genbank H05177, "yl85b08.rl Homo sapiens cDNA clone 44993 5\" Deposited 
by Hillier, L. et aL Dated 21-Jun-1995 






C129 


Genbank AA479987, - zvl8hl2.sl Soares NhHMPu SI Homo sapiens cDNA 
clone 754055 3'," Deposited by Hillier, L. et aL Dated 08-Aug-1997 






C130 


Genbank H05134, " y!85b08.sl Homo sapiens cDNA clone 44993 3*," Deposited 
by Hillier, L. et aL Dated 2i-Jun-1995 






C131 


Genbank, AA298182 "EST1 13866 Bone VH Homo sapiens cDNA 5* end," 
Deposited by Adams, M.D. et aL Dated 18-Apr-1997 






C132 


Genbank AA298283, "EST1 13896 Bone Vn Homo sapiens cDNA 5* end similar 
to similar to vascular endothelial growth factor," Deposited by Adams, M.D. et 
aL Dated 18-Apr-1997 






CI 33 


Genbank T81481, "yd29f07.sl Homo sapiens cDNA clone 109669 3\" Deposited 
by Hillier, L. et aL Dated 15-Mar-1995 






C134 


Genbank AA425303, *zw46b06.sl Soares total fetus Nb2HF8 9w Homo sapiens 
cDNA clone 773075 3\ mRNA sequence," Deposited by Hillier, L. et aL Dated 
l6-Oct-1997 






C135 


Genbank Z40230, "H. sapiens partial cDNA sequence; clone c-lwfll," Deposited 
by Genexpress. Dated 21-Sep-1995 






C136 


Genbank Z44272, "H. sapiens partial cDNA sequence; clone c-lwfll," Deposited 
by Genexpress. Dated 21 -Sep- 1995 


/ 




C137 


Genbank AA478766, - zvl8hl2.rl Soares NhHMPu SI Homo sapiens cDNA 
clone 754055 5'," Deposited by Hillier. L. et aL Dated 08-Aug-1997 




C138 


Genbank H96876, - yw04bl2.sl Soares melanocyte 2NbHM Homo sapiens cDNA 
clone 251231 3\" Deposited bv Hillier. L. et aL Dated 25-Nov-1996 



EXAMINER /7 cT" 


DATE CONSIDERED v3/ ^ 5/oo 


•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 



SHEET _4_ of _5_ 



/O 1 *~ <?\ 

Form PTO-1449 (Modified / ^ \ U.S. Depmrtrarat of Commerce 
/ *q\ Pttatf nd Trademark Office 


A By. Docket No. 

28967/33072 


ScruINo. 1 

08/585,895 || 


( JUL 2 3 1393 SJ 


Aonliont 






INFORMATION DI^^OSyRE STATEMENT 

(User several sheets if necessary) 


Alitalo, K. etaL 




Films Date 

January 12, 
1996 


Croup II 

1646 1 



11 

OTHER DOCUMENTS (Including Author; Title/Date, Pertinent Pages, etc.) 






C139 


Genbank H96533, "yw04bl2.rl Soares melanocyte 2NbHM Homo sapiens cDNA 
clone 251231 5\" Deposited by Hillier, L. et al Dated 25-Nov-1996 






C140 


Genbank T81690, "yd29f07.rl Homo sapiens cDNA clone 109669 5' similar to 
SP:BAR3 CHITE Q03376 BAUSIANI RING PROTEIN 3," Deposited by 
Hillier, LTet al Dated 15-Mar-1995 j 






C141 


Genbank T84377, "yd37h08.ri Homo sapiens cDNA clone 110463 5* similar to 

SP:BAR3_CHTTE Q03376 BALBIANI RING PROTEIN 3," Deposited by 

Hillier, ^ et al Dated 16-Mar-I995 I 






C142 


Genbank N42368, "yyl5bll.rl Homo sapiens cDNA clone 271293 5\" 
Deposited by Hillier, L. et al Dated 25-Jan-1996 






C143 


Genbank N42374, "yyl5dll.rl Homo sapiens cDNA clone 271317 5\" 
Deposited by Hillier, L. et al Dated 25-Jan-1996 






C144 


Genbank H81868, "yv83d09.sl Homo sapiens cDNA clone 249329 3'," 
Deposited by Hillier, L. et al. Dated 09-Nov-1995 






C145 


Genbank H81867, *yv83d09.rl Homo sapiens cDNA clone 249329 5\" 
Deposited bu Hillier, L. et aL Dated 09-Nov-1995 






C146 


Genbank AA 149461, "zl27h03.rl Soares pregnant uterus NbHPU Homo sapiens 
cDNA clone 503189 5* similar to SW:BAR3_CHTTE Q03376 BALBIANI RING 
PROTEIN 3 PRECURSOR/ Deposited by Hillier, L. et al Dated 14-May-1997 






C147 


Genbank R77495, "yi79e04.sl Homo sapiens cDNA clone 145470 3*," Deposited 
by Hillier, L. etaL Dated 07-Jun-1995 






C148 


Genbank H07899, "yl86g06.sl Homo sapiens cDNA clone 45138 3'/ Deposited 
by Hillier, L. et al. Dated 23-Jun-1995 


/ 


C149 


Genbank T89295, "yd37h08.sl Homo sapiens cDNA clone 1 10463 3\" 
Deposited by Hillier, L. et al Dated 20-Mar-1995 




C150 


Genbank C21512, "HUMGS0010510, Human Gene Signature, 3'-directed cDNA 
sequence." Deposited by Okubo, K. Dated 01 -Oct- 1996 



EXAMINER /~\ 

( - c5a~&-oL.&( 


DATE CONSIDERED w / / 


* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. | 



Form PTO-1449 (Modified) 



\ U.S. Department of Commerce 
a\ Patent and Trademark Office 



f * * B 899 S) 
INFORMATION DKSgLO^SUKE STATEMENT 



several sheets if necessary) 



Aoy. Docket No. 

28967/33072 



SHEET _ 

Serial No. 

08/585,895 



of. 



Applicant 

Alitalo, K. et al 



Filtnc Date 

January 12, 
1996 



1646 



OTHER DOCUMENTS (Including Author, Title. Date, Pertinent Pages, etc.) 


c 


/ 


C151 


Genbank N82975, "TgESTzy53hl0.rl TgRH Tachyzoite cDNA Toxoplasma 
gondii cDNA clone tgzy53hl0.rl 5'/ Deposited by Hehl, A. et al Dated 10- 
Sep-1997 






C152 


Genbank AA285997, *Vb88h06.rl Soares mouse 3NbMS Mus musculus cDNA 
clone 764123 5'," Deposited by Marra, M. et al Dated 09-Apr-1997 






C153 


Genbank AA549856, "0929m3 gmbPfHB3.1, G. Roman Reddy Plasmodium 
falciparum genomic clone 0929m/ Deposited by Dame, J.B. et al Dated 11- 
Auk-1997 






C154 


Jeltsch, M. et al. , "Hyperplasia of Lymphatic Vessels in VEGF-C Transgenic 
Mice/ Science, 275:1423-1425 (May, 1997). 






C155 


Joukov, V. et al t "Proteolytic Processing Regulates Receptor Specificity and 
Activity of VEGF-C," EMBO Journal. 16(13) : 3898-39 1 1 (June, 1997). 






C156 


Joukov, V. et al. , "A Recombinant Mutant Vascular Endothelial Growth Factor- 
C that has Lost Vascular Endothelial Growth Factor Receptor-2 Binding, 
Activation, and Vascular Permeability Activities," Journal of Biological 
Chemistry, 2 75(7 2J: 6599-6602 (March 20, 1998). 


ft 




C157 


Lee, J; et aL /"Vascular Endothelial Growth Factor Related Protein (vrp): A 
Ligand and Specific Activator of the Tyrosine Kinase Receptor Flt4," EMBL 
Sequence Data T.ihrarv XP0070fifV*fi1 amnion no TT4142 Dated 10-Tan-199fi 



EXAMINER f) 

< — • J^W7 


DATE CONSIDERED , y 


♦EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through 
citation if not in conformance nnd not considered. Include copy of this form with next communication to applicant. 



n 
C 



D 



4 . 



VO'f "^- ' " ' • ' — - PATENT 
- ' v " ^ Attorney- Docket NoY 28967/33072 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Application of: Kari Alitalo 
and Vladimir Joukov 
Serial No.: 08/585,895 
Filed: January 12 f 1996 
For: RECEPTOR LIGAND 
Group Art Unit: 1646 
Examiner: Saoud, C. 



I hereby certify that this paper and the 
documents referred to as enclosed 
herewith are being deposited with the 
United States Postal Service as First 
Class Mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, DC 20231, on this date: 

October 26, 1999 



David A. Gass 
Reg. No.: 38,153 
Attorney for Applicants 



SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
PURSUANT TO 37 C.RR. 1.56. 1.97. AND 1.98 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The applicants request that the documents listed on the attached Form PTO- 
1449 be made of official record and considered by the Examiner in the above-identified 
application. 

Pursuant to 37 C.F.R. § 1.98(d), copies of all listed documents are not 
enclosed because they were cited in a prior application (U.S. Serial No. 08/510,133, filed 
August 1, 1995) that is presently relied upon herein ror an eariicr Hiing uaic. However, 
copies of these documents will be resubmitted at the Examiner's request. 



This Supplemental Information Disclosure Statement is not intended to be an 
admission that a search has been made, that other relevant art does not exist, or that any of 
the information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 
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payment of a fee. However, please charge any necessary fees due in connection with this 
Supplemental Information Disclosure Statement to Deposit Account No. 13-2855. A copy 
of this paper is enclosed herewith. 
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Office Action Summary 



Application No. 
08/585.895 



Applicant^ 



Afltalo et al. 



Christine Saoud 



Group Aft Unit 
1646 




□ Responsive to communication(s) filed on — _ : . 

□ This action is FINAL. 

5 szx^JZ^*i^z~^<^ ""^ 

iSS.;rb«om'2S«. (3S U.S.C. ! 133L BUM. « *~ ™> »• »»»•« ""»' "» *~— * 

37 CFR 1.136(a). 

Disposition of Claims 

X Claim(s) f r 3-5. 7. 1 1 . and 18-44 

Of the above, claim (s) . 

[j Claim (s) 



K Oaim(s) U 3-5. 7, / 1 . and 18-44 

C Claim(s) m 

CI Claims 



is/are pending in the application, 
is/are withdrawn from consideration. 

is/are allowed. 

is/are rejected. 

is/are objected to. 



are subject to restriction or election requirement. 



Application Papers 

□ See the attached Notice of Draftsperson's Patent Drawing Review. PTO-948. 

□ The drawing(s) filed on is/are objected to by thejxaminer. 

□ The proposed drawing correction, filed on is L approved disapproved. 

G The specification is objected to by the Examiner. 

□ The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. 5 1 19(a)-(d). 

G All □ Some* □ None of the CERTIFIED copies of the priority documents have been 

□ received. 

□ received in Application No. (Series Code/Serial Number) . 

□ received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
•Certified copies not received: ; . — 

□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. 5 119(e). 

Attachment(s) 

□ Notice of References Cited. PTO-892 

& Information Disclosure Statement(s). PTO-1449, Paper No(s). 28 and 29 

□ Interview Summary, PTO-413 

C Notice of Draftsperson's Patent Drawing Review. PTO-948 

□ Notice of Informal Patent Application. PTO-152 
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DETAILED ACTION 
Response to Amendment 

1. Claims 1, 3-5, 7, 18, 19, 26-33, and 36-37 have been amended and claims 39-44 have been 
added as requested in the amendment of paper #26 ? filed 27 July 1998. Claims 1, 3-5, 7, 1 1, and 
18-44 are pending in the instant application. 

2. The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

3. Any objection or rejection of record which is not expressly repeated in this action has been 
overcome by Applicant's response and withdrawn. 

4. Applicant's arguments filed 27 July 1998 have been fully considered, however, in light of 
the new grounds of rejection below, the arguments are not found to be relevant and therefore, 
have not been addressed. 

Claim Rejections - 35 CISC §112 

5. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The spccmcaiiuii »iiau cc.U.r. - v.t:"c~ rfc'criptic*- of '"w^iinn. and of the manner and 
process of making and using it, in such full, clear, concise, and exact terms as to enable any 
person skilled in the art to which it pertains, or with which it is most nearly connected, to 
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make and use the same and shall set forth the best mode contemplated by the inventor of 
carrying out his invention. 

6. Claims 1, 3 7, and 42 are rejected under 35 U.S.C. 1 12, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to reasonably convey 
to one skilled in the relevant art that the inventors), at the time the application was filed, had 
possession of the claimed invention. 

Claims 1 and 42 and dependent claim 37 are directed to subject matter of a polynucleotide 
that hybridizes to a DNA under specific conditions which are recited in the claims, wherein the 
polynucleotide encodes a protein which has particular structural and functional features. In 
making a determination of whether the application complies with the written description 
requirement of 35 U.S.C. 1 12, first paragraph, it is necessary to understand what Applicant has 
possession of and what Applicant is claiming. From the specification, it is clear that Applicant has 
possession of a nucleic acid molecule which encodes a protein which has the amino acid sequence 
of SEQ ID NO:33. This nucleic acid molecule has a nucleic acid sequence of SEQ ID NO:32 and 
is contained within plasmid pFLT4-L (ATCC deposit #9723 1). The subject matter which is 
claimed is described above. First, a determination of the level of predictability in the art must be 
made in that whether the level of skill in the art leads to a predictability of structure; and/or 
whether teachings in the application or prior art lead to a predictability of structure. The claims 
are directed to host cells which are transfected with a polynucleotide which encodes a 
polypeptide, wherein the polynucleotide hybridizes to a DNA of SEQ ID NO:32 under a specific 
set of hybridization conditions. First, the claims are not limited to polynucleotide molecules 
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encoding a protein with a specific amino acid sequence. The claims only require the nucleic acid 
molecule to encode a polypeptide which belongs to the VEGF/PDGF family (implied by the 
recitation of the 8 cysteine domain) and which is capable of binding to the extracellular domain of 
human FIt4 receptor tyrosine kinase. The specification only describes a single polypeptide from a 
human and fails to teach or describe any other polypeptide which has the structural and functional 
characteristics recited in the claims. The breadth of the claims is such that the claims encompass 
polynucleotides from other species and polynucleotides which encode variant polypeptides so 
long as receptor binding activity is maintained. There is a lack of guidance or teaching regarding 
structure and function because there is only a single example provided in the specification and 
because there is no guidance found in the prior art. The claims include polynucleotides which 
share some sequence similarity to the disclosed polynucleotide which encodes the polypeptide of 
SEQ ID NO:33, however, this sequence similarity is not sufficient to provide the function of 
encoding a polypeptide which binds to the Flt4 receptor tyrosine kinase. 

Next in making a determination of whether the application complies with the written 
description requirement of 35 U.S.C. 112, first paragraph, each claimed species and genus must 
be evaluated to determine whether there is sufficient written description to inform a skilled artisan 
that applicant was in possession of the claimed invention at the time the application was filed. 
With this regard, the instant application fails to provide a written description of the species or the 
genus which are encompassed by the insiani ciaima caccjA foi" the nuc!c;c acid cf SEQ !D NO:32. 
The specification does not provide a complete structure of those polynucleotides which encode a 
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■ polypeptide as described.in the claims and hybridize to the recited sequence under the recited 
stringency conditions of the claims. The claims also fail to recite other relevant identifying 
characteristics (physical and/or chemical and/or functional characteristics coupled with a known 
or disclosed correlation between function and structure) sufficient to describe the claimed 
invention in such full, clear, concise and exact terms that a skilled artisan would recognize 
applicant was in possession of the claimed invention. The specification fails to provide a 
representative number of species for the claimed genus (those polynucleotides which hybridize to 
SEQ ID NO:32 under the recited stringency conditions) because the claims are directed to those 
polynucleotides which encode a polypeptide having a conserved cysteine domain and which binds 
to the human Flt4 receptor tyrosine kinase, which encompasses different species and variants and 
the specification teaches one embodiment. Therefore, the claims are directed subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventor(s), at the time the application was filed, had possession of the 
claimed invention. 

Claim Rejections - 35 (JSC § 102 
7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless — 

(e) the invention was described in a patent granted on an application for patent by another filed in the United 
States before the invention thereof by the applicant for patent, or on an international application by another who 
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has fulfilled the requirements of paragraphs ( I ), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent. 

8. Claims I, 3-5, 7, 1 1, and 18-44 are rejected under 35 U.S.C. 102(e) as being anticipated 

by Hu et al. (U.S. Pat. No. 5,935,820). 

Hu et al. disclose a polynucleotide, SEQ ID NO: 1 , which encodes a polypeptide, SEQ ID 

NO:2, which includes a domain defined by 8 cysteine residues of the VEGF family, and which is 

capable of binding to human Flt4 receptor tyrosine kinase. The instant claims indicate that the 
polypeptide lacks any domain that has one or more cysteine motifs of a Balbiani ring 3 protein, 
however, this limitation only further defines the processed protein and places no material 
limitations on the polynucleotide. Claim 1 1 further defines the polypeptide as comprising amino 
acids 1 to 120 of SEQ ID NO:33, however, this limitation places no material limitations on the 
polynucleotide. Claim 18 is directed to a polynucleotide which lacks a portion of the nucleic acid 
sequence which encodes the cysteine motifs of a Balbiani ring 3 protein, but still encodes a 
polypeptide that is capable of binding to human FIt4 receptor tyrosine kinase. This limitation 
appears to be inherently met by the embodiment of claim 1 of * 820 in that the mature protein lacks 
this portion of the polypeptide, therefore, a "polynucleotide encoding a mature portion of a 
protein consisting of SEQ ID NO:2" anticipates this claim. 

Allowable Subject Matter 
9. It is noted that some of the claims appear to be directed to polynucleotides encoding a 
polypeptide comprising amino acids 1-120 of SEQ ID NO:33. The prior art does not disclose or 
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teach a polypeptide consisting of amino acids I -120 of SEQ ID NO:33. Specific claims to the 
embodiment of polynucleotide encoding a polypeptide consisting of amino acids 1-120 of SEQ 
ID NO:33 appear to be free of the prior art. 



Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to Christine Saoud, Ph.D., whose telephone number is (703) 305-75 19 The examiner 
can normally be reached on Monday to Friday from 8AM to 3PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor Gary 
Kunz, can be reached on (703) 308-4623. The fax phone number for this Group is (703) 308- 
0294. 

Official papers filed by fax should be directed to (703) 308-4227. Faxed draft or informal 
communications with the examiner should be directed to (703) 308-0294. 

Any inquiry of a general nature or relating to the status of this application or proceeding should be 
directed to the Group receptionist whose telephone number is (703) 308-0 1 96. 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir. 

The undersigned attorney of record in the above-identified application 

hereby appoints as associate attomey(s): 

Frank S. DiGiglio (Reg. No. 31 ,346) 
Scully, Scott, Murphy & Presser 
400 Garden City Plaza 
Garden City, New York 1 1530 
(516) 742-4343 

to prosecute this application, to make alterations or amendments therein, and to 
transact any and all business in the Patent and Trademark Office connected 
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Please find below and/or attached an Office communication concerning this applicati n or 
proceeding. 

Commissioner of Patents and Trademark] 



PTO-90C («•*. 2/95) 



1. Fife Copy 
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UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address CQMMESOsER OF PATENTS AND TRADEMARKS 
Washington. DC. 20831 



AmjCATON NUMBER 



RRST NAMED APPUCANT 



ATTORNEY DOCKET NO. 



INTERVIEW SUMMARY 



Afl participants (applicant, applicant's representative, PTO personnel): 
(2)_ 



ART UNIT I PAPER 



DATE MAILED: 



(3) 



Date of Interview. 



Type: □ Telephonic ^Personal (copy is given to □applicant f^appficanfs representative). 
Exhibit shown or demonstration conducted: □ Yes J^Vto If yes. brief description: 



3\ 



Agreement Q was reached. JiO was not reached. 
Ctaim(s) discussed:. 



Identification of prior art discussed: _ r4v) Gf ^lO 



Description of the general nature of what was agreed to if an agreement was reached, or any other comments-, C CkA-AjJlL' dit t^S 

to/ hyhAA'dj^a&/rn • (!a^uag>» n±s it A tlsdjLs -Jn unities) dJUd^Lf 



Oik! 
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( AfuDer description, if necessary, and a copy of the amendments, if available, which the examiner agreed wouWjJnder the claims allowable 
must be attached. Also, where no copy of the amendments which would render the claims aflowabta is available, a summary thereof must be 
attached.) 

1. Q It is not necessary for applicant to provide a separate record of the substance of the Interview. 

Unless the paragraph above has been checked to Indicate to the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION 
IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a response to the last Office 
action has are ready been Bed. APPUCANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE 
SUBSTANCE OF THE INTERVIEW. 

2. □ Since the Examiner's Interview summary above (Including any attachments) reflects a complete response to each of the objections. 

rejections and requirements that may be present In the last Office action, and since the claims are now allowable, this completed form 
is considered to fuffin the response requirements of the last Office action. Appficant is not relieved from providing a separate record of 
the Interview unless box 1 above Is also checked. 



Examiner Note: You must sign this form unless it Is an attachment to another form. 
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Alitalo et al. 

Serial No: 08/585,895 

Filed: January 12, 1996 



Title: RECEPTOR LIGAND 

Group Art Unit: 1646 
Examiner Christine Saoud 



AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sin 

Transmitted herewith are the following documents for the above application: 

1 . Amendment and Reply Pursuant to 37 C.F.R. §§1.111; 

2. Declaration Pursuant to 37 C.F.R. § 1 .1 32 of Kari Alitalo (unsigned); and 

3. Check in the amount of $91 .00 in payment of fee for extension of time ($55.00) and fee 
for extra claims ($36.00). 



CERTIFICATE OF MAILING f37 CFR 1.8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first class mail, postage prepaid, on August 4, 2000, in an 
envelope addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231, 



David A. Gass 



08/11/2000 JADD01 00000011 0ft515fl95 
01FC:215 55.00 QP 



1. Small Entity Status 

Verified statement(s) claiming small entity status is(are) attached. 
H Small entity status has been established and is still effective- 
Has not been established. 



CLAIMS AS FILED - INCLUDING PRELIMINARY AMEND 


MENT (IF ANY) 
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OTHER TH 
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Claims 

Remaining 
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Amendment 


Highest No. 
Previously Paid For 


RATE 


FEE 


RATE 


FEE 


TOTAL 


44 


MINUS 40 = 4 


X 9 = 


$36.00 * 


X 18 = 


$ 


INOEP. 


7 


MJNUS 7 = 0 


X39 = 


$ 


X78 = 


$ 


O First Presenta 


ton of Multiple Dependent Claim 


♦ 130 

xr 


s 


+ 260 = 


$ 


Filing Fee: 


$36.00 


OR 


$ 



2. Extension of Time 



This is a petition for an extension of time under 37 CFR 1.136 for the total number of 
months checked below: 



EXTENSION 


FEE FOR LARGE ENTITY 


FEE FOR SMALL ENTITY 


(Months) 








One Month 




$110.00 


X 


$55.00 


Two Months 




$380:00 




$190.00 


Three Months 




$870.00 




$435.00 - 


Four Months 




$1,360.00 




$680.00 


Five Months 




$1,850.00 




$925.00 



If an additional Extension of Time is required, please consider this a petition therefor. 

Extension Fee: $ 55.00 



a An extension for month(s) has 

already been secured and the fee paid therefor of 

$ is deducted from the total fee due 

for the total months of extension now requested. 

Deduction: $ 



RECEIVE 

AUG 152013 

TECH CENTER 16WKJ 



Extension Fee Due With This Request: $59-00 



Method of Payment of Fees 

B Attached is a check in the amount of ~ SSLLQQ 

a Charge Deposit Account No. 13-2855 

in the amount of: 5 * 

A copy of this Petition is enclosed. 

Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or _any 
additional fees which may be required during the pendency of this application under 37 CFR 
1.16or37CFR 1.17 to Deposit Account No. 13-2855. A copy of this Petition is enclosed. 

Please refund any overpayment to Marshall. OToole. Gerstein, Murray & Borun at the address 
below. 



Respectfully submitted, 

MARSHALL. OTOOLE. GERSTEIN. 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago. Illinois 60606-6402 

(312)474-6300 
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David A. Gass 
Reg. No: 38.153 



August 4, 2000 



- 3 - 



0 




RECEIVE 
fie :$m 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 

Alitalo et al. 

Serial No: 08/585,895 

Filed: January 12, 1996 



Title: RECEPTOR LIGAND 

Group Art Unit: 1646 
Examiner: Christine Saoud 



AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sin 

Transmitted herewith are the following documents for the above application: 

1 . Amendment and Reply Pursuant to 37 C.F.R. §§ 1.111: 

2. Declaration Pursuant to 37 C.F.R. § 1.132 of Kari Alitalo (unsigned); and 

3. Check in the amount of S91 .00 in payment of fee for extension of time ($55.00) and fee 
for extra claims ($36.00). 



CERTIFICATE OF MAILING f37 CFR 1.81 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first dass mail, postage prepaid, on August 4, 2000, in an 
envelope addressed to the Assistant Commissioner for Patents, Washington. O.C. 20231. 



David A Gass 



in 



Small Entity Status 

Verified statements) claiming small entity status is(are) attached, 
a Small entity status has been established and is still effective. 

Has not been established. 



CA AIMS AS FILED - INCLUDING PRELIMINARY AMEND 


MENT (IF ANY) 




SMALL ENTITY 


OTHER TH 
EN 


AN A SMALL 
TTTY 




Claims 

Remaining 

After 


Highest No. 
Previously Paid For 


RATE 


FEE 


RATE 


' FEE 


TOTAL 


44 


MINUS 40 - 4 


X 9 = 


$36.00 


X 18 * 


S 


1NDEP. 


7 


MINUS 7=0 


X39 = 


$ 


X 78 = 


$ 


O First Presents 


lion of Multiple Dependent Claim 


♦ 130 

s 


$ 


♦ 260 = 


s 


Filing Fee: 


S36.00 


OR 


s 



Extension of Time 



This is a petition for an extension of time under 37 CFR 1 .1 36 for the total number of 
months checked below: 



EXTENSION 


FEE FOR LARGE ENTITY 


FEE FOR SMALL ENTITY 


(Months) 








One Month 




$110.00 


X 


$55.00 


Two Months 




$380.00 




$190.00 


Three Months 




$870.00 




$435.00 


Four Months 




$1,360.00 




$680.00 


Five Months 




$1,850.00 




$925.00 



If an additional Extension of Time is required, please consider this a petition therefor. 

Extension Fee: $55 T QQ 



An extension for , 



month(s) has 



already been secured and the fee paid therefor of 

$ is deducted from the total fee due 

for the total months of extension now requested. 



Deduction: $ 



2 



Extension Fee Due With This Request: $ 55.00 



3. Method of Payment of Fees 

B Attached is a check in the amount of - S91.00 

Q Charge Deposit Account No. 13-2855 

in the amount of: $ 

A copy of this Petition is enclosed. 

4. Deposit Account and Refund Authorization 

a The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or any 

additional fees which may be required during the pendency of this application under 37 CFR 
1.16 or 37 CFR 1.17 to Deposit Account No. 13-2855. A copy of this Petition is enclosed. 

a Please refund any overpayment to Marshall. OToole, Gerstein, Murray & Borun at the address 

below. 



Respectfully submitted. 

MARSHALL. OTOOLE. GERSTEIN. 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago. Illinois 60606-6402 

(312)474-6300 



By: -di — 

David A. Gass 
Reg. No: 38.153 

August 4, 2000 



- 3 - 



PATENT 
28967/33072 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Alitalo et al. 

Serial No: 08/585,895 
Filed: January 12, 1996 
. Title: RECEPTOR LIGAND 

Group Art Unit: 1646 
Examiner: Christine Saoud 

AMENDMENT AND REPLY PURSUANT TO 37 C.F.R. §§ 1.11 1 

Assistant Commissioner for Patents 
Washington, D.C. 2023 1 

Dear Sir: 

In an Office action mailed April 4, 2000, the Patent Office rejected claims 1, 
3-5, 7, 1 1, and 18-44 variously under 35 USC §§ 102(e) and 1 12, first paragraph. The 
Applicants respectfully request reconsideration in light of the following amendments and 
remarks. This amendment is timely filed with a petition and fee for one month extension of 
time. 



I hereby certify that this paper is being 
deposited with the United States Postal 
Service with sufficient postage as first class 
mail, postage prepaid, in an envelope 
addressed to: Assistant Commissioner for 
Patents, Washington, D.C, 20231 on this 
date: 



Date: August 4, 2000 




David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



08/11/2000 JftDDOl 
02 FC:203 



00000011 06565895 

36.00 OP 



AMENDMENTS 

In the claims: 

Please cancel all pending claims and add new claims 45-79 as shown below: 

A purified and isolated nucleic acid comprising a nucleotide sequence 
that encodes a polypeptide that binds to human FU4 receptor tyrosine kinase (FIt4), said 
polypeptide having an amino acid sequence comprising a portion of the amino acid sequence 
shown in SEQ ID NO: 33 effective to permit such binding, said nucleic acid lacking a 
nucleotide sequence that encodes the portion of the amino acid sequence shown in SEQ ID 
NO: 33 that has cysteine motifs of a Balbiani ring 3 protein. 

I L 

4#T A purified and isolated nucleic acid according to claim jfs wherein said 
polypeptide stimulates tyrosine phosphorylation of human Flt4. 

i ^ 

Ji. A purified and isolated nucleic acid according to claim wherein said 
polypeptide has an apparent molecular weight of about 23 kD as assessed by SDS 
polyacrylamide gel electrophoresis under reducing conditions. 



^ 4^f A purified and isolated nucleic acid according to clainy^w 

|^ ( polypeptide comprises an amino-terminal amino acid sequence set forth in SEQ ID NO: 13 



wherein said 



if 

A purified and isolated nucleic acid according to claim j4 wherein said 
polypeptide comprises approximately 120 amino acids. 

k Jf 

JO. A purified and isolated nucleic acid according to claim wherein 
amino terminal amino acids 2 through 18 of said polypeptide have an amino acid sequence 
identical to amino acids 2 through 18 set forth in SEQ ID NO: 13. 

A purified and isolated nucleic acid according to claim^<£ wherein said 
polypeptide comprises amino acids 1 to 120 of SEQ ID NO: 33. 



pi 



A purified and isolated nucleic acid according to claim^p wherein said 
polypeptide has an apparent molecular weight of about 32 kDa as assessed by SDS 
polyacrylamide gel electrophoresis under reducing conditions. 

A nucleic acid according to claim J$ wherein said portion of the amino 
acid sequence shown in SEQ ID NO: 33 is a continuous portion that includes eight cysteines 
of SEQ ID NO: 33 that are conserved in human vascular endothelial growth factor (VEGF), 
; human platelet derived growth factor A (PDGF-A), and human platelet derived growth factor 
B (PDGF-B), and excludes the carboxyl terminal portion of SEQ ID NO: 33 that contains 
cysteine motifs of a Balbiani ring 3 protein. 

A nucleic acid according to claim^f wherein said continuous portion 
has amino acid 1 of SEQ ID NO: 33 as its amino terminus. 



fk. A nucleic acid according to claim ^/wherein said portion of the amino 
acid sequence shown in SEQ ID NO: 33 is a continuous portion having amino acid 1 of SEQ 
ID NO: 33 as its amino terminal residue, and having as its carboxy terminal residue an amino 
0 x acid between residues 1 19 and 126 of SEQ ID NO: 33. 



A vector comprising a nucleic acid according to claim ^P, wherein said 
vector lacks a nucleotide sequence that encodes the portion of the amino acid sequence shown 
in SEQ ID NO:33 that has cysteine motifs of a Balbiani ring 3 protein. 



A host cell transformed or transfected with a vector according to claim 



If 

^8. A method for producing a polypeptide that binds to the extracellular 
domain of human Flt4 f comprising the steps of: i *JL 

growing a host cell according to clairrt^ under conditions which permit 
expression by said host cell of a polypeptide that is encoded by said nucleic acid and that 
binds to the extracellular domain of human FU4; and 
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isolating said polypeptide from the host cell or the growth medium of the host 

cell. 

. ^ if 

A method according to claim ^Swherein said host cell is a mammalian 
host cell that secretes said polypeptide and wherein said isolating step comprises isolating 
said polypeptide from said growth medium. 

6Q. A purified and isolated nucleic acid comprising a nucleotide sequence 
that encodes a polypeptide that binds human Flt4 receptor tyrosine kinase (FU4), said 
polypeptide having an amino acid sequence comprising a continuous portion of the amino 
acid sequence shown in SEQ ID NO: 33 effective to permit such binding, said nucleic acid 
lacking a nucleotide sequence that encodes the carboxy-terminal portion of the amino acid 
sequence shown in SEQ ID NO: 33 beyond residue 125. 

i7 • /> • ■ 

64 ! A purified and isolated nucleic acid according to claim 06 wherein said 
encoded polypeptide stimulates tyrosine phosphorylation of human Flt4. 



lb 

(fi. A purified and isolated nucleic acid according to claimjf#* wherein said 
nucleic acid lacks a nucleotide sequence that encodes the amino terminal portion of the amino 
acid sequence shown in SEQ ID NO: 33 that precedes residue 1 . 



^3. * An expression construct comprising the nucleic acid according to claim 
^imperatively linked to an expression control sequence, said expression construct lacking a 
nucleotide sequence that encodes the carboxy-terminal portion of the amino acid sequence 
shown in SEQ ID NO:33 beyond residue 125. 

£4. A host cell transformed or transfected with the expression construct of 



L3 

claimj^. 



OX 

*™* A method for producing a polypeptide that binds to the extracellular 



domain of human Flt4 and stimulates tyrosine phosphorylation of FIt4, comprising the steps 
of: 



growing a host cell according to claim plunder conditions which permit 
expression in said host cell of a polypeptide encoded by said nucleic acid and 

isolating said polypeptide from the host cell or the growth medium of the host 
cell, wherein said polypeptide binds to the extracellular domain of human Flt4 and stimulates 
phosphorylation of Flt4. 

A host cell transformed or transfected with a polynucleotide, 
wherein said polynucleotide includes a strand containing a human nucleotide 
sequence that hybridizes to a DNA comprising the non-coding strand complementary to SEQ 
ID NO: 32, under the following hybridization conditions: 

(a) hybridization at 42°C for 20 hours in a solution containing 
50% formamide, 5x SSPE, 5x Denhardt's solution, 0.1% SDS and 0.1 mg/ml 
denatured salmon sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65°C with a wash solution 
containing Ix SSC, and 0.1% SDS; and 

wherein said host cell expresses a polypeptide encoded by said polynucleotide, 

wherein said polypeptide has a molecular weight of about 23 kD as assessed 
by SDS-PAGE under reducing conditions and includes a domain encoded by the human 
nucleotide sequence that is defined by eight cysteine residues that are conserved in human 
vascular endothelial growth factor (VEGF), human platelet derived growth factor A (PDGF- 
A), and human platelet derived growth factor B (PDGF-B), 

wherein said polypeptide lacks any domain that has one or more cysteine 
motifs of a Balbiani ring 3 protein (BR3P), and 

wherein said polypeptide binds to the extracellular domain of human FIt4 
receptor tyrosine kinase. 

A host cell according to clairrf^hat expresses a naturally occurring 
human Flt4 Iigand polypeptide encoded by said polynucleotide. 
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6&. A host cell according to claim 66 wherein said polynucleotide is an 
expression vector, said expression vector including an expression control sequence 
operatively linked to sequence that encodes said polypeptide. 

A host cell transformed or trans fected with a polynucleotide 
comprising a nucleotide sequence that encodes the amino acid sequence shown in SEQ ID 
NO: 33, wherein said host cell expresses a polypeptide encoded by said polynucleotide, said 
polypeptide including a contiguous portion of SEQ ID NO: 33 that is sufficient to bind to the 
extracellular domain of human Flt4 receptor tyrosine kinase (FU4EC), 

wherein said contiguous portion includes eight cysteine residues that are 
conserved in human vascular endothelial growth factor (VEGF), human platelet derived 
growth factor A (PDGF^A), and human platelet derived growth factor B (PDGF-B), 

wherein said polypeptide lacks any portion of SEQ ID NO: 33 that precedes 
position 1 and lacks any portion of SEQ ID NO: 33 that has one or more cysteine motifs of a 
Balbiani ring 3 protein (BR3P), and 

wherein said polypeptide has a molecular weight of about 23 kD as assessed 
by SDS PAGE under reducing conditions and binds to FU4EC. 

1JS. A host cell according to claim wherein said nucleotide sequence 
comprises nucleotides 37 to 1086 of the sequence shown in SEQ ID NO: 32. 

7\ . _ A host cell according to clairrrjr5wherein said polynucleotide is a 
vector comprising an expression control sequence operatively linked to the nucleotide 
sequence that encodes the amino acid sequence shown in SEQ ID NO: 33. 

72. A eukaryotic host cell according to claim (ft or / 09 that secretes said 

polypeptide. 

A host cell comprising the insert of plasmid pFLT4-L, deposited as 
ATCC accession No. 97231, wherein said host cell expresses and secretes a polypeptide 
encoded by said insert, 
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wherein said secreted polypeptide has a molecular weight of about 23kD as 
assessed by SDS-PAGE under reducing conditions and binds to human Flt4 receptor tyrosine 
kinase and includes a domain defined by eight cysteine residues that are conserved in human 
vascular endothelial growth factor (VEGF), human platelet derived growth factor A (PDGF- 
A), and human platelet derived growth factor B (PDGF-B). 



A host cell transformed or transfected with a polynucleotide 
comprising a nucleotide sequence that encodes a polypeptide that binds to the extracellular 
domain of human FU4 receptor tyrosine kinase, 

wherein said polynucleotide includes a strand containing a human nucleotide 
sequence that hybridizes to a DNA comprising the non-coding strand complementary to SEQ 
ID NO: 32, under the following hybridization conditions: 

(a) hybridization at 42°C for 20 hours in a solution containing 
50% formamide, 5x SSPE, 5x Denhardt's solution, 0.1% SDS and 0.1 mg/ml 
denatured salmon sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65°C with a wash solution 
containing I x SSC, and 0.1% SDS; and 

wherein said host cell expresses and secretes a polypeptide encoded by said 
polynucleotide, and 

wherein said expressed and secreted polypeptide binds the extracellular 
domain of human Flt4 receptor tyrosine kinase and has a molecular weight of about 23 kD as 
assessed by SDS-PAGE under reducing conditions. 

,1 

A method for producing a polypeptide that binds the extracellular 
domain of human FH4 receptor tyrosine kinase, comprising the steps o£ j 

growing a host cell according to any one of claims^S-^, ^?or/4 under 
conditions which permit expression by said host cell of said polypeptide; and 

isolating said polypeptide from the host cell or the growth medium of the host 

cell. 
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A method for producing a polypeptide that binds to the extracellular 
domain (EC) of human Flt4 receptor tyrosine kinase (Flt4), comprising steps of: 

growing a host cell comprising a polynucleotide that comprises a nucleotide 
sequence that encodes the amino acid sequence set forth in SEQ ID NO:33, under conditions 
in which the host cell expresses and secretes a polypeptide encoded by the polynucleotide; 
and 

isolating a polypeptide that binds FU4 EC from the growth medium of the host 
cell, said polypeptide having a molecular weight of approximately 23 kD as assessed by SDS- 
PAGE under reducing conditions and having an amino acid sequence comprising a portion of 
SEQ ID NO:33 effective to bind FU4 EC. 

A method according to claim^f^vherein said polynucleotide 
comprises an expression vector that comprises a nucleotide sequence that encodes the amino 
acid set forth in SEQ ID NO:33. 



airfr^Twl 



^i. A method according to clain^Kwherein said host cell comprises a 
PC-3 prostatic adenocarcinoma cell (ATCC CRL1435). 

A method according to claiirr^^vherein said polynucleotide 
comprises the insert of plasma pFLT4-L, deposited as ATCC Accession No. 97231.- 

REMARKS 

I. Prosecution History. 

The application as filed contained 16 claims. In an official communication 
dated November 25, 1996, claims 1-16 were subjected to a restriction requirement. In an 
Amendment and Election in Response to Restriction Requirement filed on January 24, 1997, 
the Applicants: elected claims directed to nucleic acids, vectors, and host cells; canceled 
claims 2, 8-10, 12, and 14-16; amended claims I, 3, 5, 11, and 13; and added claims 17-25. 

In an Office action dated May 28, 1997, claims 1-3, 7, 1 1, 13, 17-25 were 
rejected. In an amendment dated November 26, 1997, the Applicants canceled claims 6, 13, 
and 17; amended claims 1, 3-5, 7, 1 1, 18, and 20; and added new claims 26-38. In an 
amendment dated July 23, 1998, the Applicants amend claims 1, 3-5, 7, 18-19, 26-33, and 



36-37; and add new claims 39-44. Thereafter, the Patent Office suspended prosecution of the 
application for approximately 1 8 months because "a reference relevant to the examination of 
this application may soon become available." 

At the time of issuance of the outstanding Office action, claims 1, 3-5, 7, 11, 
and 18-44 were pending. In an interview on June 22, 2000, the Examiner requested 
submission of a renumbered claim set. Thus, the pending claims have been canceled and new 
claims 45-79 have been substituted therefor. A table correlating old and new claims is set 
forth for the Examiner's convenience. 



L^urreni i^iaim 


Old Claim 


Comments 


Claim 45. 


Claim 18. 




Claim 46. 


Claim 19. 




Claim 47. 


Claim 20. 




Claim 48. 


Claim 21. 




Claim 49. 


Claim 22. 




Claim 50. 


Claim 32. 




Claim 51. 


Claim 11. 




Claim 52. 


Claim 23. 




Claim 53. 


Claim 30. 




Claim 54. 


Claim41. 




Claim 55. 


Claim 31. 




Claim 56. 


Claim 24. 




Claim 57. 


Claim 25. 




Claim 58. 


Claim 38. 




Claim 59. 


Claim 39. 




Claim 60. 


Claim 43. 




Claim 61. 


Claim 19. 




Claim 62. 


Claim 44. 




Claim 63. 


Claim 34. 




Claim 64. 


Claim 35. 
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Claim 65. 


Claim 36. 




Claim 66. 


Claim 1. 


Additional limitations specifying human 
polynucleotide and 23 kD polypeptide 


Claim 67. 


Claim 26. 




Claim 68. 


Claim 29. 




Claim 69. 


Claim 3. 


Additional limitation specifying 23 kD 
polypeptide 


Claim 70. 


Claim 4. 




Claim 7 1 . 


Claim 5. 




Claim 72. 


Claim 40. 




Claim 73. 


Claim 7. 




.Claim 74. 


Claim 42. 


Additional limitation specifying human 
polypeptide 


Claim 75. 


Claim 37. 





The suspension of this application for more than a year has been detrimental to 
the Applicants' continued commercial development of this technology, and the Applicants are 
quite interested in expeditious allowance, now that prosecution has resumed and the "relevant 
reference" has become available. The claim amendments herein are solely for the purpose of 
clarity and expediting allowance, and are unnecessary to overcome the Patent Office's 
rejections. The Applicants reserve the right to pursue the subject matter of claims as 
originally filed (or later introduced) in subsequent applications, such as continuing 
applications. 

II. the Patent Office's rejection of claims 1, 37, and 42 under 35 U.S.C. §112, first 
paragraph, for lack of written descriptive support should be withdrawn. 

In paragraph 6 of the Office action, the Patent Office rejected claims 1, 37, and 

42 under 35 U.S.C. 1 12, first paragraph, alleging that these claims contain subject matter 

"which was not described in the specification in such a way as to reasonably convey to one 

skilled in the relevant art that the inventors), at the time the application was; filed, had 

possession of the claimed invention." Claim 37 was rejected due to its dependence from 

claim 1. New claims 66 and 74 arc analogous to rejected claims 1 and 42. 
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Although the rejection spans approximately three pages, the Patent Office's 
principal objections appear to be that the breadth of the claims is such that the claims 
encompass polynucleotides from other species and polynculeotides which encode variant 
polypeptides so long as receptor binding activity is maintained. The Patent Office 
acknowledges the presence of Examples relating to a human FU4 ligand, and there are no 
impediments to identifying other human molecules that may be allelic variants, for example. 
Solely to expedite allowance, 1 the Applicants have included a limitation in claims 66 and 74 
to specify a human polynucleotide sequence. The Applicants' teachings of a human sequence, 
combined with their many additional teachings related to VEGF-C processing, FU4 binding, 
Flt4 binding assays, hybridization techniques, and the like, conveys possession of the human 
genus recited in the claims to a person of ordinary skill. These amendments render moot the 
rejection for lack of written description, and the rejection should be withdrawn. 

HI. The Patent Office's rejection of claims 1, 3-5, 7, 1 1, and 18^*4 under 35 U.S.C. 
§1 02(e) should be withdrawn. 

In paragraph 8 of the Office action, the Patent Office rejected claims 1 , 3-5, 7, 
1 1, and 18-44 under 35 U.S.C § 102(e), as allegedly being anticipated by Hu et al. (U.S. Pat. 
No. 5,935,820), The rejection specifically addressed only claims 1 1 and 18, although it 
contained some general reasoning apparently directed at the other claims: 

Hu et al. disclose a polynucleotide, SEQ ID NO: 1 , which 
encodes a polypeptide, SEQ ID NO:2, which includes a domain 
defined by 8 cysteine residues of the VEGF family, and which is 
capable of binding to human Flt4 receptor tyrosine kinase. The instant 
claims indicate that the polypeptide lacks any domain that has one or 
more cysteine motifs of a Balbiani ring 3 protein, however, this 
limitation only further defines the processed protein and places no 
material limitations on the polynucleotide. Claim 1 1 further defines 
the polypeptide as comprising amino acids I to 120 of SEQ ID 
NO:33, however, this limitation places no material limitations on the 
polynucleotide. Claim 1 8 is directed to a polynucleotide which lacks a 



' The Applicants reserve the right to dispute the factual and legal premises upon which 
the rejection is based, and pursue claims of the original or greater scope in continuing 
a pplicat^ons Xnoiicants ajso Qbserve Hu ^ ^ , g20 patem ^ in Digraph 7 teaches 

only a single polynucleotide species yei purpuii* io cl-m - genus h ^ iz ^} 1 ^ 
limitation!. &e, e.g., Hu et af claims 41 aKd 50. The Examiner is requested to clanty tne 
Patent Office's position as to when a single polynucleotide species provides a wntten 
description of a hybridization genus that satisfies §112, first paragraph. 
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portion of the nucleic acid sequence which encodes the cysteine motifs 
of a Balbiani ring 3 protein, but still encodes a polypeptide that is 
capable of binding to human FU4 receptor tyrosine kinase. This 
limitation appears to be inherently met by the embodiment of claim 1 
of *820 in that the mature protein lacks this portion of the polypeptide, 
therefore, a "polynucleotide encoding a mature portion of a protein 
consisting of SEQ ED NO:2" anticipates this claim. 

(Office action at p.6.) 
The Applicants respectfully traverse. 

At the outset, the Applicants wish to clarify certain factual and legal issues 
raised by the above-quoted rejection. First, the rejection is factually incorrect in that Hu et al. 
neither discloses nor suggests that any polypeptide binds actually binds to Flt4. In fact, Hu et 
al. makes no mention of the Flt4 receptor whatsoever, and fails to identify any receptor for 
"VEGF2" whatsoever. Second, the Applicants object to the Patent Office's suggestion that 
the scope or wording of the claims of the Hu et al. patent have any relevance to whether Hu et 
al. is anticipatory under § 102(e). The application that matured into the Hu et al. patent was 
filed on March 27, 1997, more than two years after the filing date of the present application, 
and after the publication of a PCT application based on the present application (See WO 
97/05250, published February 13, 1997), and after the publication of the present inventors 
own work in prominent scientific journals that would have come to the attention of Hu et al. 2 
Still more of the present inventor's publications were available to Hu et al. in 1997-1999, 
during prosecution of the Hu et al. application. (See, e.g., Joukov et ai, "Proteolytic 
Processing regulates receptor specificity and activity of VEGF-C," EMBOJ., 1 6(1 3): 
3898-391 1 (1997).) The relevant inquiry under § 102(e) is the inquiry of what was "described 
in a patent granted on an application for patent by another filed in the United States before the 
invention thereof by the applicant for patent." This inquiry requires the Patent Office to 
ignore what was claimed in the Hu et al. patent, which may have been tainted by knowledge 
of the present invention, as explained above. The relevant inquiry must focus on what was 
described in those Hu et al. priority applications that have a filing date that could have 



2 See, e.g., Joukov et al., "A Novel Vascular Endothelial Growth Factor, VEGF-C, Is a 
Ligand for theTU4 (VEGFR-3) and KDR (VEGFR-2) Receptor Tyrosine Kinases," EMBO J., 
15(2): 290-298 (1996); and Kukk E, Lymboussaki A, Taira S, Kaipainen A, Jeltsch M, 
Joukov V, Alitalo K., "VEGF-C receptor binding and pattern of expression with VEGFR-3 
suggests a role in lymphatic vascular development," Development, 122(12): 3829-37 (1996). 

.12- 



preceded the invention date of the applicants, 3 See, e.g.. In re Benno y 226 USPQ 683, 686 
(Fed. Cir. 1985) ("The scope of a patent's claims determines what infringes the patent; it is no 
measure of what it discloses. A patent discloses only that which it describes....") The limited 
teachings of Hu et al. are discussed below. 

The Applicants also dispute that the Patent Office's reasoning, even if correct, 
supports a legitimate anticipation rejection. Independent claims 1, 3, 7, and 42 (now claims 
66, 69, 72, and 74) are all directed to host cells that have been transformed or transfected with 
a nucleic acid and that express an approximately 23 kD polypeptide encoded by the nucleic 
acid that has particular structural and functional characteristics, such as a particular size or 
sequence and/or the ability to bind the Flt4 receptor. The Hu et al. patent neither discloses 
nor suggests the recited polypeptides, or host cells that make such polypeptides, or the 
activities of the polypeptides. (There is no description in Hu et al. of a 23 kD FIt4 ligand 
polypeptide or of a host cell that produces such a polypeptide.) 

Notwithstanding these claim limitations, the Patent Office rejected the claims. Under 
the Patent Office's analysis, **this limitation only further defines the processed protein and 
places no material limitations on the polynucleotide." The Patent Office has apparently 
ignored the fact that these particular claims are not directed to an isolated polynucleotide, but 
rather to a host cell that produces a polypeptide having certain characteristics. The Patent 
Office has failed to explain why a limitation on a novel and nonobvious protein produced by 
a host cell is insufficient to render novel a claim to the host cell that produces the protein. 
The Patent Office has apparently ignored the axiom that anticipation of a claim under §102 
can be found only if the prior art discloses every element of the claim. See, e.g.. In re King, 
801 F.2d 1324, 1326 (Fed. Cir. 1986). An anticipation of a recombinant, protein-producing 
host cell claim does not exist merely because a polynucleotide has allegedly been described in 
the prior art. 

The Patent Office rejected claim 18 (now claim 45), directed to a 
polynucleotide, on the basis that "Claim 18 is directed to a polynucleotide which lacks a 
portion of the nucleic acid sequence which encodes the cysteine motifs of a Balbiani ring 3 
protein, but still encodes a polypeptide that is capable of binding to human FU4 receptor 

J The Applicants reserve the right to dispute whether Hu et al. qualifies as a § 102(e) 
reference, on the grounds that Hu et al is not a patent granted on an application filed before 
the invention thereof by the applicant. 
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tyrosine kinase. This limitation appears to be inherently met by the embodiment of claim 1 of 

*820 in that the mature protein lacks this portion of the polypeptide, therefore, a 

•polynucleotide encoding a mature portion of a protein consisting of SEQ ID NO:2* 

anticipates this claim." This reasoning is based on an improper focus on what the cited patent 

claimed, rather than what it described. See In re Benno. supra. If one reads the Hu et al. 

patent to determine what Hu et al. actually describes as "a polynucleotide encoding a mature 

portion of a protein consisting of SEQ ID NO:2" one finds descriptions such as the following: 

The polynucleotide of this invention . . . contains an open reading 
frame encoding a protein of about 350 amino acid residues of which 
approximately the first 24 amino acid residues are likely to be leader 
sequence such that the mature protein comprises 326 amino acids. 

(Hu et al. at Col. 3, lines 56-63.) 

Thus,.Hu et al. describes a polynucleotide that encodes the "mature portion of a protein 

consisting of SEQ ED NO: 2" as a polynucleotide that comprises the final 326 codons of SEQ 

ID NO: 2/ A study of the approximately 350 codon sequence in Hu et al. (Figures 1-2; SEQ 

ID NO: 2) shows that the mature protein of 326 amino acids includes the carboxy-terminal 

domain Balbiani Ring 3 Protein cysteine motifs. Because the "mature protein*' described in 

Hu et al. includes the BR3P domain and falls outside the scope of claim 45, claim 45 is not 

anticipated. Claim 1 1 (now 51), which depends indirectly from claim 45, also is not 

anticipated. 

In paragraph 9, the Patent Office acknowledged that certain subject matter was 
free of the prior art, and in paragraph 8, it suggested that claim 1 1 might have been an attempt 
to claim that allowable subject matter, except that its limitation "further defines the 
polypeptide as comprising amino acids I to 120 of SEQ ID NO:33, however, this limitation 
places no material limitations on the polynucleotide." Claim 1 1 (now claim 51) is patentable 
over the art because it depends from claim 45, as explained above. However, the Applicants 
wish to direct the Patent Office's attention to claim 60 (formerly 43), which claims a nucleic 
acid and contains the explicit limitation "said nucleic acid lacking a nucleotide sequence 
that encodes the carboxy-terminal portion of the amino acid sequence shown in SEQ ID NO: 
33 beyond residue 125." The Applicants respectfully submit that claim 60 satisfies the Patent 



4 The Applicants reserve the right to present evidence that the alleged signal peptide 
taught in Hu et al. does not operate as a signal peptide at all. 
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Office's own criteria for allowable subject matter in this case, and should not have been 
rejected at all. 

For the foregoing reasons, the Hu et al. patents neither disclose nor suggest the 
claimed invention, and the rejections based on Hu et al. under 35 U.S.C. § 102(e) should be 
withdrawn. 

IV. Interview Follow-up 

During the interview with Examiners Saoud and Kunz and the Applicants* 
attorneys, the Examiners acknowledged that host cells which produced a fully processed 
VEGF-C polypeptide of approximately 23 kD were novel and unobvious over the two Hu et 
at. patents of record, and raised the question of whether this result of the Applicants' was due 
uniquely to the host cell chosen. The Applicants have filed herewith a declaration to provide 
evidence that they have succeeded in producing a FH4 ligand of approximately 23 kD in 
several other host cells. An executed version of the declaration will be submitted under 
separate cover. 

V. Information Disclosure 

On March 21 , 2000, the Patent Office issued a third patent to Hu et al., U.S. patent 
No. 6,040,157. The '157 patent is a CEP that was filed in December, 1997, after many 
publications by the present applicants and after the present application was filed. The 
Applicants wish to draw the Examiner's attention to the '157 patent. For §102(e) purposes, 
the '157 patent is cumulative to the *540 and '820 patents of record. (To the extent it is not 
cumulative in disclosure, it is not citable as prima facie prior art, because the non-cumulative 
disclosure is not entitled a date that precedes the January 12, 1996, filing date of the present 
application.) 
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VI. Summary 

The Applicants respectfully request entry of the foregoing amendments and 
allowance of all of the pending claims in view of the foregoing remarks. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S.Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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Declaration Pursuant to 37 C.F.R. § 1.132 of Kari Alitalo 



I, Dr. Kari Alitalo, declare and state as follows: 

Introduction 

1. I am a co-inventor of the .subject matter of the above-identified patent 
application (hereinafter "the patent application"). I make this declaration to provide evidence 
to the Patent Office that may be relevant to the patentability of pending claims. Specifically, 
some of the pending claims in the application relate to recombinant host cells that produce a 
mature Flt4 receptor ligand polypeptide of approximately 23 kD (as assessed by SDS-PAGE 
under reducing conditions). This declaration is intended to provide evidence and 
confirmation that we have achieved expression of this mature form using a variety of host 
cells transformed/transfected with a full length cDNA encoding a 419 residue prepro-form of 
the ligand. 



Evidence 

I. Introduction 

2. My co-inventor Dr. Joukov and I (together with others in my laboratory) have 
conducted substantial experiments to evaluate the proteolytic processing of human prepro- 
VEGF-C, a protein of 419 amino acids, into a mature form which has undergone substantial 
N-terminal and C-terminal processing. The results of many of the VEGF-C processing 
experiments are succinctly and accurately reported in our publication Joukov et aL 9 
"Proteolytic processing regulates receptor specificity and activity of VEGF-C," EMBO X. 

J 6(13): 3898-391 1 (1997). I hereby reaffirm the accuracy of the data reported in that paper, 
which I incorporate by reference, and summarize only briefly in the next paragraphs of the 
introduction. 

3. The VEGF-C gene encodes a mRNA for the synthesis of a prepro-protein Flt4 
ligand precursor of 419 amino acids. (The complete 419 codon cDNA was deposited with 
the ATCC and is cross-referenced at pages 6, 28-29, and 39 of the patent application, and its 
sequence is deposited as SEQ ID NOs: 44 and 45 in the Sequence Listing.) The "pre-pro- 
protein" is processed to remove a signal peptide and two pro-peptides to produce a fully 
mature, most active form of VEGF-C. Initially, the "pre" part or signal sequence is cleaved 
off upon its translocation through the cellular membrane in the rough endoplasmic reticulum 
of the synthesizing cells. The rest of the polypeptide is then translocated across the cell 
membrane upon its continued elongation synthesis. 

4. A proteolytic cleavage to cleave a C-terminal pro-peptide occurs preferentially 
between amino acid residues 227 and 228, separating the N-terminal and C-terminal halves 
(roughly) of the constituent po lypeptides. 1 This polypeptide, once cleaved in the middle, is 



o iu- V!?- C "l emiina . 1 hajf contains cysteine residue repeat patterns reminiscent of the 
Balbiani Ring 3 Protein (BR3P). The N-terminal half contains a series of cysteine residues in 
a pattern shared with other members of VEGF/PDGF family. 

„ Position 227 of the 419 codon sequence corresponds to position 125 of SEQ ID NO* 
33, the sequence referred to in the claims of the patent application. 



only partially active relative to the fully mature, proteolytically processed VEGF-C that is 
created upon removal of the N-terminal pro-peptide from the N-terminal half. 



5. Another cleavage of the VEGF-C protein precursor to remove an N-terminal 
pro-peptide occurs on the amino-terminal side of the domain that shares a cysteine motif in 
common with other members of the VEGF-PDGF family. In our experiments we have 
observed that this second pro-peptide cleavage occurs in at least two preferential peptide 
bonds: one is between amino acid residues 102 and 103, 2 and the other one between residues 
11 1 and 112. These two alternative cleavages that remove the N-terminal pro-peptide 
produce fully processed forms of the Flt4 ligand which have a similar potency of high 
affinity binding to KDR/VEGFR-2, which is expressed in blood vascular endothelium and 
lymphatic endothelium and to FH4/VEGFR-3, which is predominantly expressed in the 
lymphatic endothelium. The fully processed mature forms of VEGF-C that are most active 
have a molecular weight of about 23 kD as assessed by SDS-PAGE under reducing . 
conditions. 

II. Recombinant Host cells that produce a fullv p r ocessed VEGF-C of about 23 |cD 

6. Several of our initial experiments were done using 293EBNA or 293 T-cells as 
host cell systems for the transfection of VEGF-C expression vectors. These cells were fairly 
efficient in the processing of the prepro- VEGF-C into the fully processed -23 kD form. In 
the initial experiments described in our patent application, VEGF-C was eluted from 



2 Position 103 (Threonine) of the 419 codon sequence corresponds with position 1 of 
SEQ ID NO: 33, the sequence referred to in the claims of the patent application. 
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an FU4-EC affinity matrix using pH 2.4, which seemed to enhance (but was not necessary for) 
the proteolytic processing into the mature form. 3 



7. We have also observed similar proteolytic processing in COS monkey cells 
and in the HT1080 human fibrosarcoma cells. Experimental details with COS and HT1080 
cells are reported in Joukov et al (1997), supra. The cells were grown in a conventional 
commercial media (Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf 
serum. 4 The vector used for transformation of these cells was a pREP7 vector containing the 
419 codon VEGF-C cDNA, essentially as described in the patent application. Processing to 
produce the - 23 kD form was observed in both COS and HT1030 cells, although it was 
significantly less efficient than in the 293 cells. 

8. We have also used the MCF-7 breast carcinoma cell line to produce the -23 
kD mature form of VEGF-C. Unlike the 293 or COS cells, MCF-7 cells do not replicate the 
transfected plasmid. MCF-7 cells were transfected with pEBS7 expression vector 5 containing 
a cDNA insert coding for human prepro- VEGF-C cDNA (419 codon form) or with an empty 
vector, and stable cell pools were selected. The transfected MCF-7 cells were grown in 
RPMI-1640 medium (a commercially available medium) containing 10% FCS and 150 ug/ml 
Hygromycin B. To study forms of VEGF-C produced, the cells were metabolically labeled, 



J Like all enzymatic reactions, the protolytic cleavages in the VEGF-C polypeptide 
backbone occur in an enzyme- and substrate concentration- dependent manner, and can be 
influenced by factors such as pH, time, and protease inhibitors. Our data suggests that the 
enzymes that cleave the N-terminal pro-peptide from pro- VEGF-C are secreted from both 
VEGF-C-producing and from other cell types. We also have observed increased processing 
upon the depletion of the culture medium of fetal calf serum. 

4 By way of comparison, Example 1 3 of the patent application describes culturing 293- 
EBNA cells in DMEJvf-0.2% BSA. As explained in the previous footnote, lower serum 
levels in the media appears to correlate with increased processing. 

5 The pEBS7 expression vector was known in the literature at least as early as 1991, 
years before the priority date of the application. (See, e.g., Peterson, C. and Legerski, R., 
''High-frequency transforation of human repair-deficient cell lines by an Epstein Barr vims- 
based cDNA expression vector," Gene. 107(2): 279-284 (1991). We selected pEBS7 because 
this vector promotes high expression levels in MCF-7 cells. The vector contains a CMV 
promoter and hygromycin B and ampicillin resistance genes. 
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and after 96 hours, VEGF-C was bound to an Flt4 affinity substrate. 6 The bound proteins 
were analyzed in 12.5% SDS-PAGE under reducing conditions. As can be seen from Figure 
A, the VEGF-C in the culture medium that bound to the soluble receptor FIt4-lg affinity 
substrate consists of both the 29/31 kD and -23 kD forms. Thus, expression of VEGF-C 
protein in these cells occurs in smaller quantities than other cells we have tested which 
replicate the transfected plasmid, yet we can recover both the 31/29 and -23 kD forms of 
VEGF-C from the culture medium of these cells using the type of affinity matrix described in 
the patent application. 



9. We also have achieved production of the -23 kD form of VEGF-C using the 
bacutovirus expression system in insect cells. In one set of the experiments, 3 million Sf-9 
cells each were infected with baculoviral clones 32/1-32/5 and 34/1-34/5 expressing full 
length (419 codon) untagged h VEGF-C under the polyhedrin promoter. 7 Seven days post- 
infection, the supernatant was harvested and the remaining cells Iysed in 350 ul RIP A buffer. 
Ten microliters of supernatant of clone 32/1 and 5 ul lysate of clones 32/1 - 32/5 and 34/1 - 
34/5 were subjected to 15% SDS PAGE, and VEGF-C specific bands were immunodetected 
after Western blotting using antiserum raised against VEGF-C peptide (residues 104-120, or 



6 The affinity substrate that we used was Flt4(l -3)Fc, which comprises the three 
immunoglobulin-hke regions of the Flt4 extracellular domain which have been shown to be 
responsible for ligand binding. Thus, this affinity matrix is the functional equivalent of the 
FU4-EC affinity matrix described in the patent application. 

7 The cell line Sf9 is a clonal isolate of S(2l cells, which are derived from ovary cells of 
the fall army worm, Spodoptera frugiperda. The cell line was maintained as adherent culture 
at 27°C in TMN-FH media completed with fetal bovine serum to a final concentration of 
10%. In addition, 100 mg/ml streptomycin and 10 units/ml penicillin were used to minimize 
the risk of bacterial contamination. The cells were cultured using routine and standard 
procedures for these experiments. (See, e.g., O'Reilly et al., Baculovirus Expression Vectors: 
a laboratory manual. W.H. Freeman and Company. New York, 1992: pp. 109-122). 

For virus production and amplification, 5 baculoviral clones (1-5) were purified from 
two trans fee ti on supematants (32 and 34), that were obtained using tne FASTBAC system 
(GIBCO/LifeTechnologies) according to the instructions of the manufacturer. Transfections 
32 and 34 were performed using two oacmid DNA preparations from independently obtained 
clones using shuttle vector pFB 1-hVEGF-C-FL. Stock virus was obtained by two rounds of 
amplification after plaque purification. For the first amplification, 2.5 Mio. Sf-9 cells were 
inoculated *vith *b« whnl« purified pi acme and incubated for 5 days. For the second 
amplification 8 Mio. Sf-9 cells were inoculated with 1/40 ot tne totai virus obtained in the 
first amplification step and incubated for 5 days. 
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2-18 of the mature form). The results, depicted in Figure B, show clearly that the major form 
of VEGF-C in the lysates of 7 day p.i. cells is the 21/23 kD form. Uncleaved (prominent 
band), 29/31 kDa (prominent band), and -23 kDa forms (weaker band) were present in the 
supernatant. These experiments show that insect cells also cleave the VEGF-C protein to the 
-23 kD mature form and that this insect cell expression system can provide a source for 
large-scale production of the -23 kD form of the protein. 

10. In another series of experiments, we transfected the MeWo cell line, 8 
established from a lymph node metastasis of a nodular malignant melanoma, to constitutively 
overexpress a prepro-VEGF-C cDNA (419 codon form) 9 . Ordinary, commercial media was 
employed for these experiments also (RPMI 1640 medium with 5% fetal bovine serum 
(FBS), purchased from Gibco BRL, Grand Island, NY). As determined by Northern analysis, 
the parental MeWo cell line and three vector- transfected control clones (MeWo/control) did 
not express any detectable amounts of VEGF-C mRNA in vitro or in vivo. Three VEGF-C 
transfected cell clones (MeWo/VEGF-C) expressed high levels of VEGF-C mRNA in 
culture, as well as in tumors (when introduced into mice) that reached the size of -1200 mm 3 . 
Western blot analyses using antibodies raised against a VEGF-C peptide confirmed that high 
VEGF-C mRNA levels correlated with high amounts of VEGF-C protein expression. We 



8 The human malignant melanoma cell line MeWo (Sordat, B.C. M., Y. Ueyama, and J. 
Fogh 1982. Metastases of tumor xenografts in the nude mouse. In The nude mouse in 
experimental and clinical research. J. Fogh, and B.C. Giovanella, editors. Academic Press, 
New York. 95-147; Kerbel, R.S., M.S. Man, and D. Dexter. 1984. A model of human cancer 
metastasis: extensive spontaneous and artificial metastasis of a human mgmented melanoma 
and derived variant sublines in nude mice. J Natl Cancer Inst. 72:93-108) kindly provided by 
Dr. Robert S. Kerbel (Sunnybrook Health Science Centre, Toronto, Canada) 

9 A 1997 bp full-length (419 codon) human VEGF-C cDNA (GenBank accession 
number X94216) was cloned into a pcDNA3.1/Zeo expression vector (Invitroger^San Diego, 
CA) which contains a CMV-enhancer-promoter and a Zeocin selection cassette, lne 
sequence and the orientation of the VEGF-C gene in the construct were verified by restriction 
mapping and by direct sequencing using the Sanger dideoxy method. Subcontluent cell 
cultures were transfected either with pcDNA3.1/Zeo vector containing the full-length human 
VEGF-C cDNA in sense orientation or with the vector alone using the Superfect transfection 
reagent (Qiagen, Chatsworth, CA) according to the manufacturer's instructions. Forty-eight 
hours after transfection, cells were split 1 :5 into their full growth medium containing 50 
mg/mi Zeocin (Invitrogen) to select transfectants. Stably transfected cell clones were 
individually expanded and analyzed for VEGF-C mRNA expression and protein secretion. 
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detected a strong band of approximately 60 kDa in cell lysates of VEGF-C transfectants, 
corresponding to VEGF-C precursor, and only trace amounts in control cells. Large amounts 
of the secreted 31 kDa form were observed in culture supernatants of VEGF-C transfected 
clones, whereas the secreted protein was not detectable in supernatants of control cells. The 
. mature -23 kDa VEGF-C form was detected in tumor lysates. 

11. The foregoing experiments demonstrate that we were able to recombinantly 
express the -23 kD mature form of the FU4 ligand VEGF-C in a variety of human cell lines 
transfected with a 419 codon prepro-VEGF-C cDNA, as well as in a Cos monkey cell line 
and an insect cell line. 

Certification 

1 2. I hereby further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful, false statements and 
the like so made are punishable by fine or imprisonment, or both under Section 1001 of Title 
18 of the United States Code, and that such willful, false statements may jeopardize the 
validity of the application or any patent issued thereon. 



Date: 



Kari Alitalo 
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Serv ice, in an envelope addressed to the: 
Commissioner for Patents. Box Issue 
Fee, Washington, D.C. 2023 1 , utilizing 
the "Express Mail Post Office" under 
Mailing Label No. EL566464161 US on 
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ANCE PURSUANT 37 C.F.R. S 1.312 



Applicant(s): Alitalo ct at. 
Serial No: 0S/5S5.S95 
Filed: January 12, 1996 
Title: RECEPTOR LIGAND 
Allowed: October 24, 2000 
Batch No.: U18 
Group Art Unit: 1647 
Examiner: C. Saoud 

AMENDMENT AFTE 

Commissioner for Patents 
Box Issue Fee 
Washington, D.C. 2023 1 

Dear Sir: 

Please amend this application as follows: 
AMENDMENTS 

In the Specification : 

At page 1 , line 3, after "August 1, 1995." please delete the following priority 
claim, which was introduced by way of Amendment filed July 23, 1998: 
"This application is also a continuation-in-part of U.S. Patent Application Serial No. 
08/340,01 1, filed November 14, 1994, now U.S. Patent No. 5,776,755." 



At page 8, line 7, please delete "Figure 2 schematically depicts" and insert - 
Figures 2A and 2B schematically depict-. 

At page 8, line 29, please delete "Figure 9B shows" and insert -Figures 9B-D 

show--. 

At page 8, line 30, please delete "Figures 10A-10B" which was introduced by 
way of AmendmentTited November 26, 1997 and insert -Figures I0A-D-. 

At page 14, line 32, please delete "Figure 2" and insert -Figures 2 A and 2B~. 
At page 27, line 30, please delete "Figure 9B" and insert -Figures 9B through 

9D-. 

At page 28, line 1 , please delete "Figure 10" and insert -Figures 10A through 

10D-. 

At page 28, line 6, please delete "Fig. 9B" and insert -Figures 9B through 

9D-. 

At page 29, line 13, please delete "Fig- 10" and insert -Figures I OB and 

10C-. 



REMARKS 

Applicants request entry of the foregoing amendments, which relate solely to 
formal matters. These amendments arc being presented prior to or concurrently with payment 
of the issue fee as required by Rule 3 12. The amendments do not aiTect the scope or content of 
the allowed claims. The Patent Office is authorized to charge any fee associated with this 
amendment to Deposit Account No. 13-2855. 

The amendment to page I amounts to a cancellation of a priority claim to an 



application lhal was (lied in November, 1994. The Applicants continue to maintain their 
priority claim to U.S.S.N. 08/510,133, Tiled August I, 1995, as stated in the application as 
originally filed. The sole purpose behind cancellation of the 1994 priority claim is to maximize 
patent term of the eventual patent, because it is the Applicants' understanding of current law that 
the term of this patent will be measured from the earliest claimed priority date. The priority 
claim cancellation is not intended as an admission of whether or not the claimed invention would 
be entitled to priority, if the priority claim to the November, 1994 application were maintained. 
The Applicants reserve the right to maintain the same priority claim for subject matter that may 
be pursued in related applications, such as continuations, continuations-in-part, divisional 
applications, reissue applications, or the like. It is the Applicants* understanding from 
prosecution that the subject matter of the allowed claims has been deemed patentably distinct 
from any subject matter disclosed in art of record, including subject matter disclosed in U.S. 
patent issued to Human Genome Sciences (Hu ct al.. U.S. Patent No. 5,935,820) that was 
considered by the Examiner. (This patent was cited by the Examiner as a reference under 
§ 102(e) and distinguished by the Applicants. See Amendment dated August 4, 2000, at pages 
11-15.) Thus, the presence or absence of the priority claim raises no patentability issues. 1 

The remaining amendments to the specification merely conform the specification 
to the formal drawings submitted concurrently herewith. Figures 2, 5, 9 and 10 were prepared 



1 The November, 1994 patent application has issued as U.S. Patent No. 
5,776,755. The '755 patent is not prior art under § 102(e) because, to the extent the *755 
patent discloses or suggests the present invention, the relevant disclosure is a disclosure of the 
present inventors* own work. Because the relevant portions of the *755 patent constitute the 
inventors own work, the relevant filing date of the *755 patent was not "before the invention 
thereof by the applicant" as icquI.cJ \,f 5 : 02(e). (!». is inpn^ihle to disclose the inventors' 
own work before the inventors invented it.) 



on multiple sheets and/or renumbered in order to comply with the Draftsman's requirements. The 
specification has been amended to reflect the fact that these figures will be multiple pages in the 
issued patent. 

These amendment add no new matter and do not raise any new patentability issues 
that would require any substantive examination by the Examiner. 

In view of the foregoing, the applicant respectfully requests the granting of the 
amendment after allowance. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 
MURRAY & BO RUN 




David A. Gass 
Registration No. 38,153 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
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Allowed: October 24, 2000 
Batch No.: U18 
Application No.: 08/585,895 

1 . Small Entity Status 

□ Verified statement(s) claiming small entity status is(are) attached. 
8 Small entity status has been established and is still effective. 

□ Has not been established. 



2. Deposit Account and Refund Authorization 

0 The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or 
any additional fees which may be required- during the pendency of this application under 37 
' *CFR 1.16or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is enclosed. 

H Please refund any overpayment to Marshall. O'Toole. Gerstein. Murray & Borun at the 
address below. 
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Commissioner for Patents 
Washington, D.C. 2023 1 
Attn: Official Draftsperson 

Dear Sir: 

AMENDMENT 

Applicants hereby request approval of the drawing changes as shown in red ink on the 
attached copy of the informal drawing (FIG. 9B) for the above-identified application. 
Support for the requested change may be found throughout the specification as originally 
filed as explained below. No new matter has been added. The requested change is embodied 
in uiu rutiiiai uutviiiga filed I.crc.vit!".. The P^cnt Office is nuthn^^H tn churve anv fee 
required in connection with (he filing of this request to Deposit Account 13-2S55. 
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REMARKS 



FIG. 9B illustrates the nucleotide and deduced amino acid sequence of the 
coding portion of Flt4 ligand cDNA, in which the cleavage site for the putative signal peptide 
is indicated with a shaded triangle, as disclosed in the specification at page 8 f lines 29-31. 
The drawing change is being made solely to correct the location of the shaded triangle which 
indicates the cleavage site demarking a mature VEGF-C protein. Particularly, the shaded 
triangle should be positioned between "Arg" and "Thr" and not "Ser and Arg*\ The position 
of theshaded triangle indicates the start of the designation of the portions of SEQ ID NO: 33 
which correspond to the "mature" forms of VEGF-C. The change finds support as originally 
filed because the description of the amino terminus of a mature form of VEGF-C is found in 
the specification at p. 23, lines 5-10, and is confirmed at page 25, line 27 to page 26, line 6 
(from which it is apparent that the first 13 amino acid residues of a secreted Flt4 ligand are 
encoded by the thirty-nine 3* bases of SEQ ID NO: 25 that begin ACAGAAGAGACT...). 
Similar changes to the numbering of residues in the Sequence listing were made in an 
Amendment filed by the Applicants on November 26, 1997, and were approved by the 
Examiner. The changes made herein are consistent with what was earlier done the 
prosecution of this application. 

In view of the foregoing, it is submitted that the change to FIG. 9B does not 
introduce new matter into the disclosure of the application or to the drawings. Accordingly, 
applicants request approval of the above drawing change. 
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FTT4 LIGAND AND METHODS OF USE denatunuion and degradation and dispersing the FGFs. 

Cultuied endothelial cells express the FGF-1 receptor but do 

FIELD OF THE INVENTION significant levels of other high-affinity fibroblast growth 
The present invention generally relates to the field of factOT rccc P tOTS - 
genetic engineering and more particularly to growth factors 3 Among other Ugands for receptor tyrosine kinases, the 

for endothelial cells and growth factor genes- platelet derived growth factor. PDGF-BB, has been shown to 

be weakly angiogenic in the chick chorioallantoic mcm- 

B AC KG ROUND OF THE INVENTION bnine. Risau, et aL, Growth Factors, 7:261-266 (1992). 

Developmental growth, the remodelling and regeneration m Transforming growth factor a (TGFa) is an angiogenic factor 

of adult tissues as well as solid tumor growth, can only occur '° ^ crctcd ^ mor ™? bv macrophages, 

when accompanied by blood vessel formation. Angioblasts Hepatocyte growth factor (HGF). the ligand of the c-met 

and hematopoietic precursor cells differentiate from the prom^ncogene-encoded receptor, is also strongly angio- 

mesoderm and form the blood islands of the yolk sac and the genie, 

primary vascular system of the embryo. The development of Recent evidence shows that there are endothelial cell 

blood vessels from these early (in situ) differentiating endot- " specific growth factors and receptors that may be primarily 

helial cells is termed vasculogenesis. Major embryonic responsible for the stimulation of endothelial cell growth, 

blood vessels are believed to arise via vasculogenesis, differentiation and certain differentiated functions. The best 

whereas the formation of the rest of the vascular tree is studied of these is vascular endothelial growth factor 

thought to occur as a result of vascular sprouting from (VEGF). a member of the PDGF family. Vascular endothe- 

pre -existing vessels, a process called angiogenesis. Risau. et bal growth factor is a dimcric glycoprotein of disulfide- 

al_, Ocvet. BioL. 125: 441-450 ( 1988). linked 23 kDa subunits. discovered because of its autogenic 

Endothelial cells give rise to several types of functionally toward endothelial ecus and its ability to induce 

and morphologically distinct vessels. When organs differ- vcsscI permeability (hence its alternative name vascular 

entiate and begin w perform their specific functions, the « permeability factor). Other reported effects of VEGF include 

phenotypic heterogeneity of endothelial cells increases. mobilization of intracellular calcium, the induction of 

Upon angiogenic stimulation, endothelial cells may reamer plasminogen activator and plasminogen activator inhibitor- 1 

the cell cycle, migrate, withdraw from the cell cycle and synthesis, stimulation of hexose transport in endothelial 

subsequently differentiate again to form new vessels that are ceUs * promotion of monocyte migration tn vitro. Four 

functionally adapted to their tissue environment. Endothelial M VEGF isoforras encoded by distinct mRNA spbee variants 

cells undergoing angiogenesis degrade the underlying base- *PPear to be equally capable of stimulating mitogenesis in 

mem membrane and migrate, forming capillary sprouts that endothelial cells. However, each has a different affinity for 

project into the perivascular stroma. Auspnink, et al.. «I1 surface proteoglycans, which behave as low affinity 

Micmx-asc. Rev., 14: 51-65 (1977). Angiogenesis during receptors for VEGF. The 121 and 165 amino acid isoforms 

tissue development and regeneration depends on the tightly „ of VEGF are secreted in a soluble form, whereas the 

controlled processes of endothelial cell proliferation, isoforms of 189 and 206 amino acid residues remain cell 

migration, differentiation and survival. Dysfunction of the surface associated and have a strong affinity for heparin, 

endothelial cell regulatory system is a key feature of many The pattern of VEGF expression suggests its involvement 

diseases. Most importantly, tumor growth and metastasis in the development and maintenance of the normal vascular 

have been shown to be angiogenesis dependent. Folkman, et ^ system and in tumor angiogenesis. During murine 

ah, J. Biol Chenu 267:1093 1-10934 ( 1992). development, the entire 7.5 day post-coital (px.) endoderm 

Key signals regulating cell growth and differentiation are expresses VEGF and the ventricular neuroectoderm pro- 
mediated by polypeptide growth factors and their transmem- duces VEGF at the capillary ingrowth stage. Breier. et al, 
brane receptors, many of which are tyrosine kinases. Auto- Development. 114:521-523 (1992). On day two of quail 
phosphorylated peptides within the tyrosine kinase insert 43 development, the vascularized area of the yolk sac as weU as 
and carboxyl-terrninal sequences of activated receptors are ^ ole embryo show expression of VEGF. In addition, 
commonly recognized by kinase substrates involved in epithelial cells next to fenestrated endothelia in adult mice 
signal transduction for the readjustment of gene expression sh° w persistent VEGF expression, suggesting a role in the 
in responding cells. Several families of receptor tyrosine maintenance of this specific endothelial phenotype and 
kinases have been characterized. Van der Geer, et al„ Ann. 50 function * 

Rev. Cell Biol.. 10:25 1-337 (1994). The major growth Two high affinity receptors for VEGF have been charac- 

f actors and recep t ou transducing angiogenic stimuli are terized. Th ese a re VEGFR-l/FU-1 (fms-like ryrosine kinase- 

schematically shown in FIG. 1. 1) and VEGFR-2/Kdr/Flk- 1 (kinase insert domain contain- 

Fibroblast growth factors are also known to be involved » n 8 receptor/fetal liver kinase- 1). Those receptors are 

in the regulation of angiogenesis. They nave been shown to 53 classified in the PDGF-receptor family, but they have seven 

be mitogenic and chemotacoc for cultured endothelial cells. rather than five immunoglobul in-like loops in their extra- 

Fibroblast growth factors also stimulate the production of cellular domain and they possess a longer kinase insert than 

proteases, such as collagenases and plasminogen activators, normally observed in this family. The expression of VEGF 

and induce tube formation by endothelial cells. Saksela, et receptors occurs mainly in vascular endothelial cells, 

al.. Ann. Rev. Cell IliaL 4:93-126 (1988). There are two « although some may be present on monocytes and melanoma 

general classes of fihrnhlosi growth factor*. PGP- 1 and cells. Only endothelial cells have been reported to proliferate 

IKiF-2, both 1 if which lack conventional signal peptides. ,n response to VEGF and cndotliclial celts from different 

Both types have an affinity for heparin and FGF-2 is bound sources show different responses. Thus, the signals mediated 

to heparin sulfate proteoglycans in the subendothelial extra- through VEGFR-1 and VEGFR-2 appear to be cell type 

cellular matrix from which it may be released after injury. 65 specific 

Heparin potentiates the stimulation of endothelial cell pro- The Flt4 receptor ryrosine kinase is closely related in 

liferarion by angiogenic FGFs, both by protecting against structure to the products of the VEGFR-1 and VEGFR-2 
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genes. Despite this similarity, the mature form of Flt4 differs disease states, wound healing, or certain hematopoietic or 

from the VEGF receptors in that it is proteolytically cleaved leukemia cells or they may be used to block or activate the 

in the extracellular domain into two disulfi de-linked Flt4 receptor. Labeled Flt4 ligand and anti-Flt4 ligand anti- 

polypeptides. Pajusola et al.. Cancer Res., 52:5738-5743 bodies may be used as imaging agents in the detection of 

(1992). The 4 J and 5.8 kb Flt-4 mRNAs encode polypcp- 3 lymphatic vessels, high endothelial venules, and Flt4 recep- 

rides which differ in their C-tenniru due to the use of tors expressed in histochemical tissue sections. The ligand or 

alternative 3' exons. The VEGFs do not show specific antibody may be covalemly or non-covalently coupled to a 

binding to Flt4 or induce its autophosphorylation. suitable supennagnetic, paramagnetic, electron dense. 

Expression of Fh4 appears to be more restricted than echogenic, or radioactive agent for imaging. Other non- 
expression of VEGFR-I or VEGFR-2. The expression of 10 radioactive labels, such as biotin and avidm may also be 
Flt4 first becomes detectable by in situ hybridization in the uscd * 

angioblasts of head mesenchyme, the cardinal vein, and The present invention also provides diagnostic and clini- 

extraembryonically in the allantois of 8.5 day p.c. mouse cal applications for claimed ligands. In a preferred 

embryos. In 12.5 day px. embryos the Flt-4 signal is embodiment. FU4 ligands or precursors of the invention are 

observed in developing venous and presumptive lymphatic w used to accelerate angiogenesis e.g. during wound healing or 

endothelia. but arterial endothelia appear negative. During to promote the endothelial functions of lymphatic vessels, 

later stages of development, Flt4 mRNA becomes restricted Ligands may be applied in any suitable manner using an 

to developing lymphatic vessels. Only the lymphatic endot- appropriate pharmaceutically-acceptable vehicle. Ligands 

helia and some high endothelial venules express FU4 mRNA may also be used to quantify future metastatic risk by 

in adult human tissues and increased expression occurs in 20 assaying biopsy material for the presence of active receptors 

lymphatic sinuses in metastatic lymph nodes and in lym- or ligands in a binding assay or kit using detectably-labeled 

phangioma. These results support the theory of the venous ligand. An FU4 ligand according to the invention may also 

origin of lymphatic vessels. be used to promote re-growth or permeabUity of lymphatic 

vessels in. for example, organ transplant patients. Ligands 

SUMMARY OF THE INVENTION 23 according to the invention may also be used to treat or 

The present invention provides a ligand for the Flt4 P^vent inflammation, edema, aplasia of me lymphatic 

receptor^yrosine kinase. l7a prefenedTmbodirnent, the vessels, iymphauc obsmicnon, elepnannasis and Milroy s 

ITgand comprises a fragment oftr* amino acid sequence Anally. F«4 ligands may be used to samulate 

shown in SEQ ID NO: 33 which specifically binds to the ^ ymphocyw pnjducuon and maruranon and to promote or 

en" 30 inhibit trafficking of leukocytes between tissues and lym- 

Rt4 receptor tyrosine kinase. ^ ^ ^ ^ ^ Qut oflhe m 

r ?H ^^"nrecu^^ a™ Inhibitors of the FH4 ligand may be used to control 

] ^7ToZt S5?5?-££ZZ * -dotheUal cell proliferation and lymphangiomas. For 

P^teolytically cleaved upon expression to produce an „ ««»Pte. $uch ^ bltOTS may be used to arrest metastatic 

proximately 23 kD peptide which is the Flt4 Ugand. In a 35 8™wth or spread or to control other aspects of endothelial 

P^ferred embodiment of the invention, an Rt4 Ugand is ceU expression and growth. Inhi^ir^Iude andbodies^ 

Provided which is the cleavage product of the precursor oligonucleotides, and oepudes which block the 

peptide shown in SEQ ID NO: 33 and which has a molecular Ht4 recc P tor - 

weight of approximately 23 kD under reducing conditions. ^ DESCRIPTION OF THE DRAWINGS 

The Flt4 Ugand comr^s ^ximately the first 180 amino piG. 1 is • schematic diagram showing major endothelial 

acids shown in SEQ ID NO: 33. ceU ^^or tyrosine kinases and growth factors involved in 

Also in a preferred embodiment, nucleic acids encoding vaseulogenesis and angiogenesis. 

an FIt4 ligand precursor ore presented. Due to the degen- nG S. 2A and 2B show schematically the construction of 

eracy of the genetic code, numerous such coding sequences 43 ^ pjjyRn,^ expression vector 

are possible, each having in con™™ the coding of the nG 3 shows jchcnuuicaUy the construction of the bacu- 

amino acid sequence shown in SEQ ID NO: 33. or portions , ovimx vcctor encoding a secreted soluble Flt4EC domain 

thereof. Ligand precursors accordmg todic of simulation of FU4 autophospho- 

rS52 Z^^^i^Z^ M rylauon by conditioned medium from PC-3 «n cultures^ 

tyrosine kinase. The nucleotide sequence encoding the Flt4 * FIGS. 5A-5C show that the ryrosyl phosphoryUted 

Ugand is within the nucleotide sequence shown in SEQ ID Polypeptide of F1t4-transfected ce^uimulate^^ PC-3 

N q- 32. conditioned medium is the 125 kD FK4 polypeptide. 

The present invention also provides a cell line which ™3S- iA«d 6B show Western ' "4^<* «^"«" 

produces an Rt4 ligand. The Ugand may be purified and „ acuv.ry elated from PC-3 condmoned medium, 

isolated directly from the cell culture medium. Also pro- FIG. 7 shows results of gel el^>nhorcswj of fractions 

vided are vectors comprising DN A encoding the FH4 ligand from the Western analysis of FU4 ligand isolated from PC-3 

and host cells comprising the vectors. Vectors are capable of conditioned medium. 

expressing the r-U4 itgano unoer tne comroi ox ^uyi^ HC. S ±~"Z " f W*««n analysis of Flt4 ^auto- 

nromotcrs and other control sequences, w phosphorylation induced by either the Flt4 ligand, VEGF. or 

Ligands acconlinR to the invention may be labeled with ■ HI OF. 

detectable label and used to identify their corresponding FIGS. 9A through 9C show the nucleotide and deduced 

receptors in situ. Antibodies, both monoclonal and amino acid sequence of the coding portion of FU4 ligand 

polyclonal, may be made against a Ugand of the invention . cDNA. 

according to standard techniques in the an. Such antibodies M FIGS. 10A and 10B show a comparison of the deduced 

may be used in diagnostic applications to monitor amino acid sequences of PDGF-A, -B. two P1GF isoforms. 

angiogenesis, vascularization, lymphatic vessels and their four VEGF isoforms and Flt4 ligand. 
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FIG. 11 shows die stimulation of outophosphorylarion of 
the FU4 receptor by conditioned medium from cells trans* 
fected with the Flt4-L expression vector 

FIG. 12 shows Northern blotting analysis of FU4-L 
mRNA in tumor cell lines. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to novel growth factors 
which are ligands for the Flt4 receptor tyrosine kinase. 
Claimed ligands are members of a family of platelet-derived 
growth factors/ vascular endothelial growth factors which 
promote mitosis and proliferation of vascular endothelial 
cells and/or mesodermal cells. Ligands recognizing the Flt4 
receptor tyrosine kinase were purified from a PC-3 prostatic 
adenocarcinoma cell line (ATCC CRL1435). When applied 
to a population of cells expressing the Flt4 receptor, ligands 
of the invention stimulate autophosphorylation. resulting in 
receptor activation. The invention also provides inhibitors of 
the Fli4 receptor, including antibodies directed against the 
receptor. A ligand according to the invention may be coex- 
pressed as a larger precursor which is cleaved to produce the 
ligand. A coex pressed region in some cases results from 
alternative splicing of RNA of the ligand gene. Such a 
co-expressed region may be a function of the particular 
expression system used to obtain the ligand. The skilled 
artisan understands that in recombinant production of 
proteins, additional sequence may be expressed along with 
a functional peptide depending upon the particular recom- 
binant construct used to express the protein, and subse- 
quently removed to obtain the desired ligand. In some cases 
the recombinant ligand can be made lacking certain residues 
of die endogenous/natural ligand. Moreover, it is well- 
known in that conservative replacements may be made in a 
protein which do not alter the function of the protein. 
Accordingly, it is anticipated that such alterations are within 
the scope of the claims. It is intended that the precursor 
sequence shown in SEQ ID NO: 33 is capable of stimulating 
the Flt4 ligand without any further processing in a manner 
similar to that in which VEGF stimulates its receptor in its 
unprocessed form. 

The following Examples illustrate preferred embodiments 
of the invention, wherein the isolation, characterization, and 
function of FH4 ligands according to the invention is shown. 

EXAMPLE 1 

Production of pLTRFlt41 Expression Vector 

Construction of the LTR-Fh4l vector is schematically 
shown in FIGS. 2A and 2B. The full-length Flt4s cDNA 
(Genbank Accession No. X68203) was assembled by first 
subcloning the SZ5 fragment, reported in Pajusola et aL, 
Cancer Res. 523738-5743 ( 1992), incorporated by refer- 
ence herein, containing base pairs 56-2534 of the Flt4s into 
the EcoRI site of the pSP73 vector (Promega. Madison. 
Wis.). 

Since cDNA libraries used for screening of Flt4 cDNAs 
did not contain its most 5' protein-coding sequences, inverse 
PCR was used for the amplification of the 5* end of Flt4 
corresponding to the first 12 amino acid residues 
(MQRGAALCLRI.W); PolyA+RNA was Isolated from the 
HQ. cells and dout tic-stranded cDNA copy was synthesized 
using the Amersham cDNA Synthesis System Plus kit and a 
gene specific primer. 5 -TGTCCTCGCTLi ICCl I UIC1-3* 
(SEQ ID NO: 1). which was located 195 bp downstream of 
the 5* end of clone S2-5. Double stranded cDNA was treated 
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with T4 DNA polymerase to blunt the ends and cDNA was 
purified with Centricon 100 (Amicon Inc. Beverly. Mass.). 
Grcularizatxon was mode in a total volume of 150 uL The 
reaction mixture contained ligation buffer, 5% PEG-8000. 1 
3 raM DTT and 8 U of T4 DNA ligase (New England 
Bio labs). Ligation was carried out at 16* C for 16 hours. 
Fifteen ul of this reaction mix was used in a standard 100 ul 
PCR reaction containing 100 ng of specific primers includ- 
ing SacI and PstI restriction sites, present in this segment of 
J0 the FIt4 cDNA. and 1 unit of Taq DNA polymerase (Peritin 
Elmer Cetus). Two rounds of PCR were performed using 33 
cycles (denaturarion at 95° C for I minute, annealing at 55° 
C. for 2 minutes and elongation at 72° C. for 4 minutes). The 
PCR mixture was treated sequentially with the SacI and PstI 
15 restriction enzymes and after purification with MagicPCR 
Preps (Promega) DNA fragments were subcloned into the 
pGEM3Zf(+) vector for sequencing. The sequence obtained 
corresponds to the 5* end of the Flt4s cDNA clone deposited 
in the Genbank Database -as Accession No. X 68203. 
20 The sequence encoding the first 12 amino acid residues 
was added to the expression construct by li gating an SphI 
digested PCR fragment amplified using reverse 
transcription-PCR of polyA+RNA isolated from the HEL 
cells using the oligonucleotides 5'- A CA TGC ATGC CAC- 
25 CATGC AG CGGGGCGCCG CGCTGTGCCT GCGACT- 
GTGG CTCTGCCTGG GACTCCTGGA-T (SEQ ID NO: 
2) (forward primer. SphI site underlined, the translation al 
start codon marked in bold follows an optimized Kozafc 
consensus sequence Kozak. NucL Acids Res. IS: 
30 8125-8148. 1987) and 5'-ACATC£AlGC CCCGCCGGT 
CATCC-3* (SEQ ID NO: 3) (reverse primer, SphI site 
underlined) to the 5* end of the S2.5 fragment, thus replacing 
unique SphI fragment of the S2.5 plasmid. The resulting 
vector was digested with EcoRI and Clal and li gated to a 138 
35 bp PCR fragment amplified from the 0.6 kb EcoRI fragment 
(base pairs 3789 to 4416 in the Genbank X68203 sequence) 
which encodes the 3* end of Flt4s shown in FIG. 1 of 
Pajusola et al.. Cancer Res. 523738-5743, 1992, using the 
oligonucleotides 5-CG GAATTC CC CATGACCCCA AC-3' 
40 (SEQ ID NO: 4) (forward. EcoRI site underlined) and 5*-CC 
ATCGATG G ATCCTACCTG AAGCCGCTTT CTT-3' 
(SEQ ID NO: 5) (reverse. Clal site underlined). The coding 
domain was completed by ligation of the 1.2 kb EcoRI 
fragment (base pairs 2535-3789 of sequence X68203) into 
45 the above construct The complete cDNA was subcloned as 
a Hindi Il-Clal (blunted) fragment (this Clal site was also 
included in the 3' primer used to construct the 3* end of the 
coding sequence) to the pLTRpoly expression vector 
reported in Makeli et aL. Gene. 118: 293-294 (1992) 
50 (Genbank accession number X6O280). incorporated by ref- 
erence herein, using its HindTA-Acc I(blunted) restriction 
sites. 

The long form of Flt4 was produced by replacing the 
3'-end of the short form as follows: The 3* region of the FU41 
55 cDNA was PCR-amplified using a gene specific and a 
pGEM 3Z vector specific (SP6 promoter) oligonucleotide 
5-ATTTAGGTGACACTATA-3* (SEQ ID NO: 6) as reverse 
and forward primers, respectively, and an Fli41 cDNA clone 
containing a 495 bp EcoRI fragment extending downstream 
60 of the EcoRI site at nucleotide 3789 of the Genbank X6S203 
sequence (the sequence downstream of this EcoRI site is 
deposited as the Flt4 long form 3' sequence having Oenhank 
accession number S66407). The gene specific oligonucle- 
otide contained a BamHl restriction site located right after 
65 the end of the coding region. The sequence of that (reverse 
primer) oligonucleotide was 5'-CCATCGAT 
OGATCCC GATGCTOCirAGTAGCTGT-3' (SEQ ID NO: 
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— — » i.m »,.,« rn NO- 9 Sail site underlined) and primer 1315 S-CCC 

7) (BamHI site is underlined). The K*J^^*£ SlAnXCTAGTGATGCTGATGGTGATGTCTACCTTC 

digested with EcoRI and BamHI and transferred in frame to gjftlW ; I ^ cccrrAT CCTC .y < SEQ id NO: 10. 

LTRFWs vector fragment from which the ^"S ^" C ""! BamHI $ilc underlined). The sequence complementary to 

downstream of the EcoRI site at ba* : pair 2535 ^(see 13 I5 continues after the Flt4 reading frame 

sequence X68203) had been removed by ^"B^HI 5 uuj « F ^ fQf ^ a Ni .mtA 

digestion. Again, the coding do« * c^lu^n (Qiagen, HUden. Germany) followed by a stop 

Ugation of the 1.2 U> EcoRI fragment (base P^2535-3789 ^^^^^ Bam ra site . The amplified fragment 

of sequence X68203) back into the resulung construct. ^ digested with Sail and BamHI and used to replace a 

cv ampi F ^ 10 unique Sall-BamHI fragment in the LTRFU4 vector shown 

EXAMPLE 2 "» inFIG 3. The Sall-BamHI fragment that was replaced 

. • * ci./ii T«ncfrrt«l Cells encodes the Flt4 transmembrane and cytoplasmic domains, 

taction and Analysis of 1*41 Tnnsfected Cells Mt ^ nt4 signal ^nce encoding 

N1H3T3 ceUs (60* confluent) were cotransfected with 5 amplified by PCR using the primer 1335 5-CCC 

« g ofthepLTRFlt4l construct ahd (US ug of the pSV2neo w T rrr^ATCC AAGTGGCTACTCCATG ACC-3 
vector (ATCC) containing the neomydn ph<>sphotransferase {seq id NO: 11) (the primer contains added Hmdin 
<*ene. using the DOTAP liposome-based transfection ^ aAGCTT) and BamHI (GGATCC) restriction sites* 
reagents (Bochringer Mannheim. Mannheim. Germany) underlined) : and P"™" ' "? 

Onfday after the transfection the cells were ^ferred into yOTOCCIOTG ATGTGCACCA-3' (SEQ ID NO: 12) 
selection media containing 0.5 mg/ml geneucin <CnJCO. ^ ^ c ufied fegTOe nt was digested w, A Hmdnil and SpW 
Grand Island. N.Y.). Colonies of geneuan-restftam ceUs ^ (AAGCTT) * underlined m primer 1335 

were isolated and analysed for expression of the FH4 pro- ^ $Ue ^ me amplified region of the FU41 

teins. CeUs were lysed in boiling ^^f T ^^f cDNA). The resulting HindlH-Sphl fragment « » 
1 3% SDS (sodium dodecyl sulphate), 125 mM Tns pH 6.8. ^ & HindIII . SphI fragment m the modified LTRHt4l 

Protein concentrations of the samples were measured by the ^ ^ tombed immediately above (the HindUI site is in 
BCA method (Pierce. Rockford, 111.). About 50 1 ug P**»°J ^ of me ^ insert with the pLTRpoly portion 

each Ivsate was analysed for the presence of FU4 by 6% ^ J vcctor , we SphI site is in Flt4 cDNA). The resulung 

SDS-tiolyacrylamide gel electrophoresis (SDS-PAGE) and ^ ^ HgJ|lcd M a BamH , fragment into the 

tmmunoblotting using antisera against the carboxyl terminus ^ . n ^ pVXBac plasmid as disclosed m Tessier 

of Flt4 and the ECL method (Amersham). 30 el ai Gene 98: 177-183 (1991), iiicorporated by reference • 

For production of anti-Flt4 antiserum the Flt4 cDNA ^ orientation was confirmed to ^J 0 ™** °* 

fraemcnt encoding the 40 carboxytcr minal am ino aad resi- ^ sequencing so that the open reading frame of the 

due^ of mrihon form: NH2-PMTPTTYKG SVDN- J ^ ^^ncoding portion of the vector conunuedin 
QTDSGM VLASEEFEQl ES RH RQESGFR-COOH (SEQ ^ J h ^ Rt4 sequence. That consaua t was tr^fected 
ID NO* 8) was cloned as a 657 bp EcoRI-fragment mw the „ ^ct with the baculovinis genomic DNA uito SF-9 cells 
oGEX- 1 IT bacterial expression vector (Pharmacia) in frame Upofectton. Recombinant virus was purified, amplified 

SSuJ Iglutathione-S-Eansferase coding region The result- and used for infection of High-Five cells <^vmogeiu San 
ing GST-FU4S fusion protein was produced in E. coh and Diego, Calif.) using metnods standard 
purified by affinity chromatography using a glutathione- „ tracellular domain was punned torn to culture medium 
Sepharose 4B column. The purified protein was lyophilized. ^ of ^ infectcd High-Five cells using Ni-NTA affinity chro- 
dissolved in phosphate buffered saline (PBS), mued with malography according to manufacnirer s tnsuueuons 
Freund's adjuvant and used for immuiuzauon of rabbits at ( Qiagen) for binding and elution of the 6xHis tag encoded tn 
biweekly intervals using methods standard in the art ^ COO H-termtnus of the recombinant Hl4 extracellular 
(Harlow and Lane, Antibodies, A Laboratory Manual Cold domain . 

Spring Harbor Laboratory Press, 1988). Anoi^wereused 45 pvamplE 4 

after me fourth booster immunization for inuniinoprrcipita- EXAMta-t* 

tion of Flt4 from the transfected cells and clones expressing . . d f nt4 Ug and from Conditioned Media 

Rt4 were used for Ugand stimulation analysis. 1 . . . • e . . nt( ^, 

rita were uscu h ^ Hl4 ligand according to the invenuon was isolated 

EXAMPLE 3 30 from conditioned media from PC-3 ^ostadc ^r^arcv- 

noma ceU line CRL1435 from the American Type Culture 
Construction of a Fli4 EC Baculovinis Vector and Collection and cultured as instructed by trie supplier in 

Expression and Purification of hs Product Ham . $ M2 Nutric nl mixture (GIBCO) containing 7% fetal 

^ , shoa fonn. each being i-o^in-^ «-^« -STSSSSEU U«. .cLncd u, dejer- 

No. XWI203 and Kpcllic 3 jcpn^morOK: Ice form JJ^S^J^J^ UmOmi NIH3T3 cell, 
<|)NA is avmtahlc « An««»... No. S6A407. ^ nJS' to "erum-rm: DMEM medium 

11« end, of a el >NA sep.^. c «.,«lin r Hi4 cx.mr Mar « or ^^ n n g n % bsa. The celb wen ttimulaled 

domain (EC) were modified » follow*: The i end of Rl4 <GWCO)eon^««J ^ s minm&washedwice wM, 
cDNA sequence (Oenbank Access™. Number X68203) 65 I00 „„, vanadate and lysed in RIPA 

^T^'C^^^^^ ^fo^TrifoH 7,. ,0 mM N.C, 0,* sodium 
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deoxycholate. 0.5% Nonidet P40 (BDH. Poole. England), Two harvests of scrum-free conditioned medium, com- 

0.1% SDS. 0.1 U/ml Aprotinin (Boehringer Mannheim), 100 prising a total of 8 L were collected from 500 confluent 15 

uM vanadate) for receptor immunoprecipitaDon analysis. cm diameter culture dishes containing confluent layers of 
The ly sates were centrifuged for 20 minutes at 15.000xg. . PC-3 cells. The conditioned medium was clarified by cen- 

The supernatant* were incubated for 2 hours on ice with 3 5 trifugation at lO.OOOxg and concentrated 80-fbId using an 

ul of the antiserum against the Flt4 C-terminus described in Ultrasette Tangential Flow Device (Filtron. North borough. 

Example 2 and also in Pajusola. et al. Oncogene 8: Mass.) with a 10 kD cutoff Omega Ultrafiltration membrane 

2931-2937. (1993). incorporated by reference herein. according to the manufacturer's instruction. Recombinant 

After a 2 hour incubation in the presence of anti-F1t4 Flt4 extracellular domain was expressed in a recombinant 

antiserum, protein A-Sepharose (Pharmacia) was added and baculovtrus cell system and purified by affinity chromatog- 

incubation was continued for 45 minutes with rotation. The raphy on Ni-agarose (Ni-NTA affinity column obtained from 

immunoprecipitates were washed three times with the Qiagen). The purified exracellular domain was coupled to 

immunoprecipitation buffer and twice with 10 mM Tris. CNBr-activated Sepharose CL-4B at a concentration of 5 

pH7_5 before analysis in SDS-PAGE. Polypeptides were mg/ml and used as an affinity matrix for ligand affinity 

transferred to nitrocellulose and analyzed by Western blot- chromatography 

ting using FM- or phosphotyrosine-spccific antisera an d the 13 c ^noned medium was incubated with 2 

ECL method (Ainersham MtaternationaL Buckinghamshire recombinant Flt4 extracellular domain-Sepharose 

En el and). Anti-phosphotyrosine monoclonal antibodies " ' ... . K . , 

(anri.PTyr.PY20) were purchased from Transduction Labo- affimry matrix in a rolling tube at room temperamre for3 

ratorics (Lxington. KyTln some cases, the filters were AH subsequent punficanon steps were at C. The 

restained with a second antibody after stripping. The strip- » was *«» °^ fcrTcd 10 * column (Pharmacia) 

ping of the filters was done for 30 minutes at 50* C. in 100 with an inner diameter of 15 mm and washed successively 

mM 2-mercaptoethanoI. 2% SDS. 62.5 mM Tris -HQ pH 6.7 with 100 ml of PBS and 50 ml of 1 0 mM Na-phosphate 

with occasional agitation- buffer (pH 6.8). Bound material was e luted step-wise with 

As shown in FIG. 4. the PC-3 cell conditioned medium 100 mM glycine-HCL successive 6 ml elurions having pHs 

stimulated tyrosine phosphorylation of a 125 kD polypep- y of 4.0. 2.4. and 1.9. Several 2 ml fractions of the eluate were 

tide when Flt4 expressing N1H3T3 cells were treated with collected in tubes containing 0 J ml I M Na-phosphate (pH 

the indicated preparations of media, lysed. and the lysates 8.0). Fractions were mixed immediately and dialysed in 1 

were immunoprecipitated with anti-FU4 antiserum followed mM Tris-HC (pH 7 J). Aliquois of 75 ul each were analyzed 

by SDS-PAGE. Western blotting, and staining using anti- for their ability to stimulate tyrosine phosphorylation of 

PTyr antibodies. Tl»c resulting hand was weakly phospho- ^ Flt4. The ultrafiltrate. 100 ul aliquots of the concentrated 

rylated upon stimulation with unconcentrated PC-3 condi- conditioned medium before and after ligand affinity 

rioned medium (lane 2). The 125 kD band co migrated with chromatography, as well as 15-fold concentrated fractions of 

the tyrosine phosphorylated. processed form of the mature material released from the Flt4 extracellular domain- 

Flt4 from pervanadate-treated cells (compare lanes 2 and 7 Sepharose matrix during the washings were also analyzed 

of FIG. 4. see also FIG. 5A). Comigration was confirmed fQr ^ to j^ui^ nt4 tyrosine phosphorylation, 

upon retaining with anti-Fli4 antibodies as is also shown m 35 concentrated 

FIG. 5 A (panel on the nght). In order to show that the 125 ~ T 1 ~J . _ . . , . „ f 1,-^ nKrt<m(w ^ 

kD polypeptide is not a non-specific component of the condmoned medium induced Pprmnent tyrosine phospho- 

condUio^d medium reactive ^anu^^horyrosine g»f on of FIt4 in transfec^ NIHJp cefc overexpre^mg 

antibodies. 15 ul of conditioned medium was separated by nt4 - This activity was not observed in condmoned medium 

SDS-PAGE. blotted on nitrocellulose and' the blot was 40 takcn after medium was exposed to the Flt4 Sepharose 

stained with anti-PTyr antibodies. No signal was obtained affinity matrix described above (lane 4). The specificxlly- 

(F1G. SB). Also, unconditioned medium failed to stimulate bound Fk4-stimulating material was retained on the affinity 

Fli4 phosphorylation, as shown in FIG. 4. lane I. matrix upon washes in PBS, 10 mM Na-phosphate buffer 

As shown in FIG. 4, lane 3. stimulating activity was (pH 6.8), and at pH 4.0 (lanes 5-7, respectively), and it was 

considerably increased when the PC-3 conditioned medium 45 eluted in the first two 2 ml aliquots at pH 2.4 (lanes 8 and 

was concentrated four-fold using a Centricon- 10 concentra- 9). A further decrease of the pH of the elution buffer did not 

tor (Amicon). FIG. 4. lane 4. shows that prctrcatmcnt of the cause release of additional F1t4-xtintulaiing material (lane 

concentrated PC-3 conditioned medium with 50 ul of the 1 1 ). 

Flt4 extracellular domain coupled to CNBr-activated Small aliquots of the chromatographic fractions were 

sepharose CL-4B (Pharmacia; about I mg of Flt4 EC w conC entrated in 1 Speed Vac concentrator (Savant, 

domain/ml sepharose resin) completely abolished Flt4 Farmingdak, N.Y.) and subjected to SDS-PAGE under 

tyrosine phosphorylation. Similar pretreatmem of the con- ndue i nt conditions with subsequent silver staining of the 

diuoned medium with unsubstituted sepharose CL-4B did . M in nG 7> ^ polypeptide, having a 

not affect stimulatory actovity^as shown in FIG. 4, lane* £ oIecular weight of approximately 23 kD (reducing 

Also, the flow through obtained after concentranon, which 77 . _ Jt a—~JZ i~ ^^ n . Fir* 

contained proteins of less than 10.000 molecular weight, did » was detected in die fractions containing FU4 

^tS^r^ stimulating activiryjeorres^ ^ «^ 

^ 6). That polypeptide was not found in the other chromato- 

The foregoing data show that PC-3 cells produce a ligand fictions. Cta the other hand, all other ^fornponents 

which bindftt, L extracellular domain of FliTand activates detected in the two active fractions were also distnbutedia 

this receptor ' « the starting material and tn small amounts m the other 

washing and elution steps after their concentration. Similar 

EXAMPLE 5 results were obtained in three independent affinity 

Purification of the Flt4 Ligand purifications, indicating that the 23 kD polypeptide sperifi- 

The ligand expressed by PC-3 cells as characterized in ca"V binds to Flt4 and induces its tyrosine phosphorylation. 

Example 3 was purified and isolated using a recombinant by « Fractions containing the 23 kD polypeptide were 

produced Flt4 extracellular domain in affinity chromatogra- combined, dried in a Speed Vac concentrator and subjected 

phy. to SDS-PAGE in a 123% geL The proteins from the gel 
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were then electroblottcd to Immobilon-P (PVDF) transfer contained the sequence encoding the expected peptide 

membrane (Millipore, Malborough. Mass.) and visualized (amino acids 2-1 8 of the Flt4 ligand precursor). Nucleotide 

by staining of the blot with Coomassie blue R-250. The sequence spanning the region from the third nucleotide of 

region containing only the stained 23 kD band was cut from codon 6 to the third nucleotide of codon 13 (the extension 

the blot and was subjected to N-tenninal amino acid 5 region) was identical in all six clones: 

sequence "alysis in a Prosite Protein Sequencing System 5 -ATTCGCTGCAGCACACTACAAC-3* (SEQ ID NO: 18) 

(Applied Biosystctns, Foster City. Calif.). The data were and thus was considered to represent an amplified product 

analyzed using a 610A Data Analysis System (Applied from the unique sequence encoding part of the amino 

Bio^ysrems). Analysis revealed a single N-terminal terminus of the FU4 ligand. 

sequence of NH-.-XEETIKFAAAHYNTEILK-COOH (SEQ 10 EXAMPLE 8 



ID NO: 13>. 



Amplification of the 5'-end of the cDNA Encoding 
EXAMPLE 6 the Flt4 Ligand 



Construction of PC-3 Cell cDNA Library in a i, Based on the unique nucleotide sequence encoding the 

Eukaryotic Expression Vector N-terminus of the isolated Flt4 ligand, two pairs of nested 

primers were designed to amplify in two subsequent PCR- 

Poly-A+RNA was isolated from five 15 cm diameter reactions the complete 5'-endof the corresponding cDNAs 

confluent dishes of PC-3 cells by a single step method using fnm j ug of DNA f rom the above-described PC-3 cDNA 

o!igo(dT) (Type III. Collaborative Research) cellulose aflBn- ^ ybrary. First, amplification was performed with primer 

ity chromatography (Sambroolc et al.. Molecular Cloning, A 5'-TCNGTGTTGTACTGTGCTG-3' (SEQ ID NO: 19) 

Laboratory Manual; Cold Spring Harbor Laboratory Press, which is the antisense-strand primer corresponding to amino 

1989). The yield was 70 u». Six ugofthepoly-A+RNA was acid residues 9.15 (AAHYNTE, SEQ ID NO: 20) and 

used to prepare an oligtXdTVprimed cDNA library in the sense-strand primer 5'-TAATACG ACTC A CTATAGGG - 3 ' 

mammalian expression vector pcDNA I and the Librarian lcit (SEQ ID NO: 2 1 ) corresponding to the T7 RNA promoter of 

of Invitrogen according to the instructions included in the r me ^dnaI vector used for construction of the library, 

kit. The library was estimated to contain about 10* inde- -Touchdown" PCR was used as disclosed in Don. et al.. 

pendent recombinants with an average insert size of approxi- ^ uc{ Aci j s R eS m |9 : 4008 (1991). incorporated by reference 

mately 1.8 kb. herein. The annealing temperature of the two first cycles was 

jo 62° C. and subsequently the annealing temperature was 

EXAMPLE 7 decreased in every other cycle by 1° C. until a final tem- 

. , . . ... ' c -w perature of 53° C. was reached, at which temperature 16 

Ampliation of*e Nucleonde Sequence P« ^ wcre carried ^ Annealing time as I 

Encoding the Flt4 Ugand ^ extenjion al cach ^ was conducted at 72" C. 

Degenerate oligonucleotides were designed based on the 3J for 1 minute. Multiple amplified DNA fragments were 

N-terminal amino acid sequence of the isolated Flt4 ligand obtained in the first reaction. The products of die first 

and were used as primers in a polymerase chain reaction amplification ( 1 ul of a 1 : 100 dilution in water) were used in 

(PCR) to amplify cDNA encoding the FU4 ligand from a the second amplification reaction employin g the nested 

PC-3 cell library., primers 5*-GTTGTAGTGTCCTGCAGCGAATTT-3' (SEQ 

The PCR was carried out using 1 ug of DNA from the 40 ID NO: 22). an antisense-strand primer corresponding to 
amplified PC-3 cDNA library and a mixture of sense-strand amino acid residues 6-13 (KFAAAHYN. SEQ ID NO: 23) 
primers comprising 5'-GCAGARGARACNATHAA-3* of the Flt4 »»8»nd • . and 
(SEQ ID NO: 14) (wherein R is A or G. N is A,G,C or T and 5'-TCACTATAGGGAGACCCAAGC-3 (SEQ ID NO: 24). 
His A. C or T). encoding amino acid residues 2-6 (EETIK. a sense-strmnd primer corresponding to nucleotides 
SEQ ID NO: 15) and antisense-strand primers 4* 2179-2199 of the pcDNAI vector. The sequences of these 
V-GCAYTTNARDATYTCNGT-3' (SEQ ID NO: 16) sense and antisease primers overlapped with the 3 ends or 
(wherein Y is C or T and D is A. G or T). corresponding to the corresponding primers used in the first PCR. Touch- 
ami no acid residues 14-18 (TEU-K, SEQ ID NO: 17). Three down" PCR was carried out by ^decreasing the annealing 
extra nucleotides (GCA) were added to the 5 -termiruu of temperature from 72* C. to 66* C. and continuing with IS 
each primer to increase annealing stability. Two successive „ additional cycles at 66* C The annealing time was J nunute 
PCR runs were carried out using I U per reaction of and extension at each cycle was earned out at 12 C. for 2 
DynaZyme, a thermostable DNA polymerase (F-500L, minutes. One major °f ^ 220bp and three minor 
Finnzymes). in a buffer supplied by the manufacturer ( 10 products of about 270 bp, 150 bp, and 100 bp were obtained. 
mM Tris-HCL pH 8.8 at 25° C 1-5 mM MgClj. 50 mM The amplified fragment of approximately 220 bp was cut 
KC1. 0.1% Triton-X 100) at an extension temperature of 72* 35 out from the agarose gel. cloned into a pCRH vector using 
C. The first PCR run was carried out for 43 cycles. The first the TA cloning kit (Invitrogen) and sequenced. Three recom- 
three cycles were run at annealing temperature 33* C for 2 binant clones were analysed and they contained the 

minutes ana tne remaining tycica wwc »««"» « 42* C. fcr I ;;;"tr.Ct 

minute. 5'»TCACTATAGGGAGACrcAAGCTTGGTACCGAGCT 

Tlie region or Hk- gel omtaininp a weak hand or the m CGGATCCACTA CTAACOGCCGCCAGTGTGGTO- 

expected sue (57 l*pl Was cut out from the gel and chrtcd. GAATTC n AfTtA ACTCATCACTGJA 

The eluted material was reamplified for 30 cycles using the CTXrrACCCAGAATATTGGAAAATGTACAAGTGTCAG 

same primer pairs described above at 42* C. for I minute. CTAAGGCAA . . 

The amplified fragment was cloned into a pCR II vector GGAGGCTGGCAACATAACAGAGAACAGGCCAACC 

(Invitrogen) using the TA cloning kit (Invitrogen) and 65 TCAACTCAAG , , 

sequenced using the radioactive dideoxynucleotide sequenc- GACAGAAGAGACTATAAAATTCGCTGCAGCACACT 

ing method of Sanger. Six clones were analysed and all ACAAC-3' (SEQ ID NO: 25k The beginning of the 
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sequence represents the pcDNAI vector and the underlined from the library. Plasmid DNA was purified from these 

sequence represents the amplified product of the 5*-end of colonies and analysed by EcoRI and Nod digestion and 

the insert. The ATG codon located upstream of that sequence agarose gel electrophoresis followed by ethidiura bromide 

in the same reading frame is followed by an open reading staining- The ten plasmid clones were divided into three 

frame containing the amplified product of the putative signal 3 groups on the basis of the presence of insert sizes of 

sequence and the first 1 3 amino acid residues of the secreted approximately 1.7 1.9 and 2.1 kb, respectively. Inserts of 

Fli4 lieand. plasmids from each group were sequenced using the T7 

* ana ' oligonucleotide as a primer and walking primers for subse- 

EXAMPLE 9 quent sequencing reactions. 

|0 Sequence analysis showed that all clones contain the open 

Amplification of the 3*-end of cDNA Encoding the reading frame encoding the NH2-terminaI sequence of the 

Fli4 Ligand l^and- Furthermore, the 2.1 and 1.9 kb clones also 

contained sequences encoding the signal sequence. The 5* 
Based upon the amplified S*-sequence of the clones end of the 1.7 kb clone began within the signal sequence- 
encoding the Flt4 ligand, two pairs of non-overlapping encoding portion. Dideoxy sequencing was continued using 
nested primers were designed to amplify the 3 -portion of ihe 15 walking primers in the downstream direction. An 1140 
clones. The sense-strand primer nucleotide portion of the sequence of the longest clone is 
5 -ACAGAGAACAGGCCAACC-3' (SEQ ID NO: 26) and shown in FIGS. 9A through 9C (SEQ ID NOS: 32 and 33). 
anusense-strand primer S'-TCTAGCATTTAGGTGACAC- As can be seen in that .figure, after the putative signal 
3* (SEQ ID NO: 27) corresponding to nucleotides _ sequence the open reading f ran* termi^ in a TAA stop 
2311-2329 of the pcDNAI vector were used in a first 20 3 JZ ^Ei^ 

-touchdown" PCR. The annealing temperature of the reac- S^.^n^^rh, £2S2 ^liH^J of £ 
tion was decreased |- C. every re cycles from 7T C . jST ^ a f { ^^\Z^^o^^^^^ 
C at which temperature 15 additional cycles were carried dictc d\mino acid sequences of the PDGF/VEGF family of 
oul The annealing time was 1 minute and extension at each ^ factors> ^ ihown in nQS 10A ^ 10B 
cycle was carried out at 72* C. for 3 minutes. DNA frag- 
ments of several sizes were obtained in the first amplinca- EXAMPLE 1 1 
tion. Those products were diluted 1:200 in water and ream- Stimulation of Flt4 Auiophosphorylarion by the 
plified in PCR using the second pair of primers: Protein Product of the Flt4 Ugand Vector 
5 -AAGAGACTATAAAATTCGCTGCAGC-3* (SEQ ID The 2.1 kb insert of the Flt4-L clone in pcDNAI vector 
NO: 28) and 5*-CCCTCTAGATGCATGCTCGA*3' (SEQ ID *> coining the open reading frame encoding the sequence 
NO: 29) (antisense-strand primer corresponding to nucle- s h 0 wn in FIGS. 9A through 9C (SEQ ID NO: 32) was cut 
otides 2279-2298 of the pcDNAI vector). Two DNA frag- out f rom the vector using Hindlll and Nod restriction 
ments were obtained, having sires of 1350 bp and 570 bp. enzymes, isolated from a preparative agarose gel and ligated 
Those fragments were cloned into a pCRfl vector and the to the corresponding sites in the pREP7 expression vector 
inserts of the clones were sequenced. Both of these frag- (Invitrogen). The pREP7 vector containing the above cloned 
ments were found to contain sequences encoding an amino insert was transfected into 293-EBNA cells (Invitrogen) 
acid sequence homologous to the VEGF sequence. using the calcium phosphate transfection method (Sambrook 

et aL Molecular Cloning. A Laboratory Manual; Cold 

EXAMPLE 10 Spring Harbor Laboratory Press, 1989). About 48 hours after 
40 transfection the medium of the transfected cells was changed 

Screening the PC-3 Cell cDNA Library using the 5' to DMEM medium lacking fetal calf scrum and incubated 

PCR Fragment of FU4 Ugand cDNA for 36 h. The thus conditioned medium was then collected, 

„„ , ,. centrifuged at SOOOxg for 20 minutes, the supernatant was 

A 219 bp ^-terminal fragment of Flt4 ligand cDNA was concentrated 5-fold using Centriprep 10 (Amicon) stimulate 

amplified by PCR using the 5' PCR fragment described ^ NTJOT3 cells expressing LTRFU41. as in Example 4. The 

above and primers wcre lysed. immunoprecipitated using anti-Flt4 anti- 

5* -GTTGTAGTGTGCTGC AGCG AATTT-3* (antisense- serum and analysed by Western blotting using anti- 
strand primer. SEQ ID' NO: 30) and phosphotyrosine antibodies. 

5 -TCACTATAGGGAGACCCAAGC-3- (SEQ ID NO: 31) As can be seen from FIG. 11, lanes I and 3. the condi- 

( sense-primer corresponding to nucleotides 2179-2199 of M medium from two different dishes of the transfected 

die pcDNAI vector). The amplified product was subjected to stimulated FU4 autophosphorylation in comparison 

digestion with EcoRI (Boehrmger Mannheim) to remove the with the medium from mock-ttuisfccted cells, which gave 

portion of the DNA sequence amplified from the pcDNAI background levels of phosphorylation of the Flt4 

vector and the resulting 1 53 bp fragment encoding the 5* end receptor (lane 2). When the concentrated conditioned 

of the Flt4 Ugand was labeled with [ M P]-dCTP using the J5 medium was preabsorbed with 20 ul of a slur of Flt4EC 

Klenow fragment of E. colt DNA polymerase I (Boehringer domain coupled to Sepharose (see example 4). no phospho- 

Mannheim). That fragment was used as a probe for hybrid- fyUtion was obtained (lane 4), showing that the activity 

ization screening of the amplified PC-3 cell cDNA library. responsible for Flt4 autophosphorylation was indeed the 

Filter replicas of the library were hybridized with the Rt4 ligand. Thus, these results demonstrate that the Flt4-L 

radioactivcly labeled probe at 42° C for 20 hours in a &o plasmid vector clone having an approximately 2.1 kb insert 

solution containing 50% farmamidc. 5xSSPE. 5xDenhardt's and containing the open reading frame shown in FIGS. 9A 

solution. 0. 1 % SDS and 0. 1 mg/ml denatured salmon sperm through 9C is expressed into a FU4 ligand in cells transfected 

DNA. Filters were washed twice in IxSSC 0.1% SDS for with the FU4-L expression vector done, and thus is biologi- 

30 minutes at room temperature, then twice for 30 minutes cally active. The sequence encoded by that open reading 

at 65" C. and exposed overnight. a frame is shown in SEQ ID NO: 33. Plasmid pFU4-L has 

On the basis of autoradiography, 10 positive recombinant been deposited with the American Type Culture Collection, 

bacterial colonies hybridizing with (he probe were chosen 12301 Parklawn Drive. RockvUle. Md. 20852 as accession 
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number 97231. A 1997 base pair nucleotide sequence and 
the deduced amino acid sequence of the cDN A insert of this 
deposited plasmid is set forth in SEQ ID NOS: 34 and 35, 
respectively. 

However, the predicted molecular weight of the mature 
protein product deduced from this reading frame is 35.724 
and the Flt4 ligand from PC-3 cell cultures had an approxi- 
mate molecular weight of 23 kD under reducing conditions. 
It is thai possible that the Fh4 mRNA may be first translated 
into a precursor, from which the mature ligand is derived by 
proteolytic cleavage. The difference in the observed molecu- 
lar weight of the isolated FU4 ligand and the deduced 
molecular weight of the disclosed open reading frame of the 
FH4 ligand sequence may then derive from sequences in the 
carboxyl terminal region of the latter. Also, the FU4 ligand 
may be glycosylated at two putative N-linked glycosylation 
sites conforming to the consensus which can be identified in 
the deduced Flt4 ligand amino acid sequence (N-residues 
underlined in FIG. 10A). 

The carboxyl terminal amino acid sequences, which 
increase the predicted molecular weight of the Flt4 ligand 
subunit in comparison with other Hgands of this family show 
a pattern of spacing of cysteine residues reminiscent of the 
Balbiani ring protein 3 (BRP3) sequence (Dignam and Case, 
Gene -88. 133-140. 1990). Such a sequence may encode an 
independently folded domain present in a Ftt4 ligand pre- 
cursor and it may be involved, for example, in the regulation 
of secretion, solubility, stability, cell surface localization or 
activity of the FU4 ligand. Interestingly, at least one cysteine 
motif of the BRP3 type is also found in the VEGF carboxy 
terminal amino acid sequences. 

Thus, the FU4 mRNA may be first translated into a 
precursor from the mRNA corresponding to the FU4-L 
clone, from which the mature ligand is derived by pro- 
teolytic cleavage. To define the mature Flt4 ligand product 
one first expresses ihe cDNA clone, which is deposited in the 
pcDNAl expression vector, in cells, such as COS cells and 
use antibodies generated against FU4-L -encoded peptides, 
such as amino terminal 23 amino acid peptide or bacterial 
Fli4 fusion proteins, such as a GST-fusion protein, to raise 
antibodies against the VEGF-hmnologous domain of FU4 
ligand. One then follow* the biosynthesis and processing of 
the Fli4 ligand in the transfected cells by pulse-chase 
analysis using radioactive cysteine for labelling of the cells, 
immunoprecipiiation and gel electrophoresis. Using anti- 
bodies against the two domains of the product of the FU4-L 
clone material for radioactive or nonradioactive aminoter- 
minal sequence analysis is isolated. The determination of the 
NH2-terminal sequence of the carboxyl terminal fragment 
allows for identification of the proteolytic processing site. 
This is confirmed by site-<Iirected mutagenesis of the amino 
acid residues adjacent to the cleavage site, which would 
prevent the cleavage. 
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On the other hand, the Flt4 ligand is characterized by 
progressive 3' deletions in the 3* coding sequences of the 
Flt4 ligand precursor clone, resulting in carboxy-terminal 
truncations of its protein product. The activities of such 
5 truncated forms are asaysed by, for example, studying Flt4 
autophosphorylation induced by the truncated proteins when 
applied to cultures of cells, such as NIH3T3 cells expressing 
LTRFU4. By extrapolation from studies of the structure of 
the related platelet derived growth factor {PDGF. reference 
10 Heldin et al.. Growth Factors 8. 245-252, 1993) one deter- 
mines that the region critical for receptor activation by the 
Flt4 ligand is contained within its first approximately 180 
amino acid residues. 

On the other hand, the difference between the molecular 
15 weights of the purified ligand and the open reading frame of 
the Fli4 precursor clone may be due to the fact that the 
soluble ligand was produced from an alternatively spliced 
mRNA which would also be present in the PC-3 cells, from 
which the isolated ligand was derived. To isolate such 
20 alternative cDNA clones one uses cDNA fragments of the 
deposited clone and PCR primers made according to the 
sequence provided as well as techniques standard in the art 
to Isolate or amplify alternative cDNAs from the PC-3 cell 
cDNA library. One may also amplify using reverse tran- 
scription {RD-PCR directly from the PC-3 mRNA using the 
primers provided in the sequence of the FU4-L clone. 
Alternative cDNAs can be sequenced from the resulting 
cDNA clones. One can also isolate genomic clones corre- 
sponding to the Flt4-L transcript from a human genomic 
30 DNA library using methods standard in the art and to 
sequence such clones or their subcloned fragments to reveal 
the corresponding exons. Alternative exons can then be 
identified by a number of methods standard in the art. such 
as heteroduplex analysis of cDNA and genomic DNA and 
35 they can subsequently be characterized. 

EXAMPLE 12 
Expression of the Flt4-L Gene 
Expression of transcripts corresponding to the FU4 ligand 
40 was analysed hy hybridization of Northern blow containing 
isolated polyA+RNA from KT-I080 and PC-3 human tumor 
cell lines. The probe was the radioactively labelled insert of 
the 2.1 kb cDNA clone (specific activity I0*-I0* cpm/mg of 
DNA). The blot was hybridized overnight at 42° C. or using 
45 50% formamide. 5xSSPE buffer. 2% SDS. lOxDenhardts 
solution. 100 mg/ml salmon sperm DNA and 1x10* cpm of 
the labelled probe/ml. The blot was washed at room tem- 
perature for 2x30 minutes in 2xSSC containing 0.05% SDS 
and then for 2x20 min at 52* C. in 0. lxSSC containing 0.1% 
50 SDS. The blot was then exposed at -70° C. for three days 
using intensifying screens and Kodak XAR film. Both cell 
lines expressed an Flt4 ligand mRNA of about 23 kb, as 
well as VEGF and VEGF-B mRNA* (FIG. 12). 



SEQUENCP. LIST I MO 

III tIKNKKM, IIHtiRMATtl*! 

(ill) NUMBER OF SEQUENCES: 35 

(2) INFORMATION FOR SEQ ID NOi li 
(i> SEQUENCE CXAfJkCTERISTICSi 
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-continued 



(A) LENGTH: 20. base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : • ingle 

(D) TOPOLOGY i linear 

(lit MOLECULE TYPE: DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEO ID NO: It 
TGTCCTCGCT GTCCTTGTCr 

(2) INFORMATION FOR SEO ID WO: 2: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH j TO base p«ir* 
<B) TYPE: nucleic acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DMA (genomic) 

(xi) SEOUEHCE DESCRIPTION: SEQ IO HO: 2: 
ACATCCATGC CACCATGCAC CGGGGCGCCG CCCTGTGCCT CCGACTCTGG CTCTGCCTGC 
GACTCCTCGA 

12 t INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
IB) TYPE: nucleic acid 
(C) STRANDEONESS: single 
<D> TOPOLOGY: linear 

(ii> MOLECULE TYPE: DUX (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 3: 

ACATCCATGC CCC G CC G GTC ATCC 

(2) INFORMATION FOR SEQ 10 NO: 4: 

(i) SEQUENCE CHARACTERISTICS a 
(A) LENGTH: 22 base pairs 
(Bt TYPE: nucleic acid 

(C) STRANDEONESS i single 

(D) TOPOLOGY t linear 

(ii) MOLECULE TYPE i DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NOi 4t 
CCGAATTCCC CATGACCCCA AC ** 

(2) INFORMATION FOR SEQ ID NO: 5 1 

(1) SEQUENCE CHARACTERISTICS: 
(At LENGTH: 33 base pairs 
(Bt TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(tt) HOIJICUt*: TYI'R: l«A (gnomic) 
III) SKQtlKHtT: ItFJItKIlTICHi r.KO ID HO: i 
CCATCCATGG ATCCTACCTC AAfiCCGCTTT CTT 

(2) INFORMATION FOR SEQ ID WOt Ct 



(i) SEQUENCE CHARACTERISTICS t 
(A) LDICTH: 17 b*ee pair* 
(Bt TYI'K: nuclftiC acid 
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-continued 



(C> STRANDEDNESS t single 
(D) TOPOLOGY i linear 

<ii) MOLECULE TYPE: DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEO ZD NOi 6: 

ATTTAGGTGA CACTATA 

( = > I H FORMATION FOR SEO ID HO: 7: 

ti) SEQUENCE CHARACTERISTICS i 

(A) LENGTH j 34 base pairs 
(B> TYPE s nucleic acid 
(CI STRANDEDNESS : tingle 
(D) TOPOLOGY j linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID MOi 7s 

CCATCGATGG ATCCCCATCC TGCTTACTAC CTGT 

(2) INFORMATION KOR SEO ID NO: »: 

<U SEOUENCF. CHARACTERISTICS: 

(At LENGTH : 40 amino acids 

(B) TYPE: amino acid 

<C) STFANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: Bt 

Pro Met Thx Pro Thr Thr Tyr Lys Cly Ser Val Asp Aan Gin Thr As 

Ser Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin lie Glu Ser Ar 



His Arg Gin Glu Ser Gly Phe Arg 



(2) INFORMATION FOR SEQ ID MO: 9t 

(1) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9t 

CTGGAGTCGA CTTGGCGGAC T 

(2) INFORMATION FOR SEQ ZD NO: 10: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LFJiTni: tiO bent? pMrS 
(10 TYi Ki iiu.:i»-i<- «nii 
(c) :rri ANin:iiHlLi;:i »lt»|l« 
(IH TOitiU^iT: llnr.il 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 1 

CGCOG A TCOC TAGTGATGGT GATGGTCATC TCTACCTTCO ATCATGCTGC CCTTATCCTC 



(2) INFORMATION KOR SEQ ZD KOt lit 
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-continued 



(II SEQUENCE CHARACTERISTICS t 
(A) LENGTH: 34 base pairs 
(Bl TYPE: nucleic acid 

(C) ST HANDEDNESS : tingle 
(Dl TOPOLOGY i linear 

Ui) MOLECULE TYPE: DMA (genomic) 

4xi> SEQUENCE DESCRIPTION: SEQ ID HO: 11: 

CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 

(2 > INFORMATION FOR SEQ ID HO: 12: 

(il SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

( B ) TYPE: nucleic acid 
(C> ST HANDEDNESS : tingle 

(D) TOPOLOGY: linear 

tii) MOLECULE TYPE: DMA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTTGCCTGTG ATGTGCACCA 

(II INFORMATION FOR SEQ ID NO; 13: 

' (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa Glu Glu Thr He Lys Pbe Ala Ala Ala His Tyr Asn Thr Glu II 
IS 10 15 



(2) INFORMATION FOR SEQ ID NOi 14 1 

(O REOtTOIfK CHARACTER I ST ICS t 

(A) LENtTTH : 17 ban* pairo 

(B) TYPE j nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DMA (genoaic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 1 
GCAGARGARA CNATHAA 

(2) INFORMATION FOR SEQ ID NO: 15 1 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: S amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(ID TOiOLOciVi linear 

«ll) MtiutMiu: tvi-Ki hia (<r>iH«1<-) 

(xi) SEQUENCE DESCRIPTION i SEQ ZD NO: 15 1 

Glu Glu Thr He Lye 



UI INFORMATION MIR ;;RQ ID NO: 16 1 
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<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 18 base pair* 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: ■ ingle 
ID) TOPOLOGY: linear 

MOLECULE TYPE: DNA (genomic) 

• xiV SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GCAYTTNARD ATYTCIIGT 

< = >. INFORMATION FOR SEQ ID NO: 17: 

(it SEQUENCE CHARACTERISTICS: 

(A) LENGTH: S amino acids 

(B) TYPE: amino acid 

(C) ST HANDEDNESS : single 
(D> TOPOLOGY t linear 

•ii» MOLECULE TYPE: peptide 

<xi> SEQUENCE DESCRIPTION: SEQ ID KO: 17: 

Thr Glu He Leu Lyo 



<2t INFORMATION FOR SEO ID NO: IB: 

(i< SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pair* 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

^ (ii) MOLECULE TYPE: DNA (genomic) 

' (xi> SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
ATTCGCTGCA GCACACTACA AC 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 base pairs 
(D) TYPE: nucleic acid 
(C> STRANDEDNESS i single 
(D) TOPOLOGY i linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 19* 

TCAGTGTTGT AGTGTGCTG 

(2) INFORMATION FOR SEQ ID KO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS i single 

(D) TOPOLOGY t linear 

Hi) HOIJ£Cin>K TYI'Kt p*P r **** 

(si) ::koiikN'1'. Mi-am ITU*: ::kq lb Nth 2u t 
Ala Ala His Tyr Asa Thr Glu 



( 2 1 INFORMATION POP r.VQ ID NO: 21 1 

(it ::KuKnwK f-HApAi TKtttin*ir-:i 
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(A) LENGTH : 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TCPOLOGVi Linear 

iii> MOLECULE TYPE: DNA (genomic) 
ixit SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
T^ATACGACT CACTnTAGGG 20 

(2) INFORMATION FOR SEQ ID NO t 22: 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 24 base pairs 
<D> TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(Dt TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ XD NO: 22 i 

GTT jTAGTGT GCTGCAGCGA ATTT 24 

(21 INFORMATION FOR SEQ ID HO: 23: 

lit SEQUENCE CHARACTERISTICS: 
(AI LENGTH : S amino acids 

(B) TYPE : amino acid 

(C) STRAND EONESS : single 
ID) TOPOLOGY: linear 

Ui> MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Lys Phe Ala Ala Ala His Tyr Asn 

1 S 

(2) INFORMATION FOR SEQ 10 NO: 24: 

(1) SEQUENCE CHARACTERISTICS: 
(At LENGTH: 21 baoe pairs 
(BI TYPE: nucleic acid 
<C> STRANDEDNESS i single 
(O) TOPOLOGY i linear 

(iiJ MOLECULE TYPE; DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

TCACTATAGG GAGACOCAAG C 21 

(2) INFORMATION FOR SEQ ID NOt 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 
(Dt TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 

txl) .'IKQtfEWl'K DKJU-RirTflftT: SEQ 10 NO: 

TCACTATAGG GACACCCAAC CTTGGTACCC AGCTCGGATC CACTAGTAAC GGCCGCCAGT «0 

GTGGTOGAAT TCGA C GAACT CATGACTGTA CTCTACCCAG AATATTCGAA AATGTACAA 120 

TCTt'AGCTAA GftCAA' • CTCGCAACAT AACAGAGAAC AGCCCAACCT CAACTCAAQ 1110 

AfTWlAAiIAftA CTATAAAATT CCCTO "Ata'A CACTATAM* 219 
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-co ntinued 

(2) INFORMATION FOR SEQ ID HO: 26: 

(i) SEQUENCE CHARACTERISTICS i 
(A> LENGTH: IB base pairs 
<8> TYPE: nucleic »cid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii» MOLECULE TYPE: DNA (genonic) 
(xii SEQUENCE DESCRIPTION! SEQ ID NO: 26: 
ACAGAGAACA GGCCAACC 



(2) INFORMATION FOR SEQ ID NO: 27 t 

( i \ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) -TYPE: nucleic acid 

(C) STRANDEDNESS : ■ ingle 
(D> TOPOLOGY: linear 

MOLECULE TYPE: ONA (genomic) 

(Xil SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

TCTAGCATTT AGGTGACAC 



iZi INFORMATION FOF. SEQ ID NO: 28: 

I i * SEQUENCE CHARACTERISTICS : 
(A) LENGTH: Zi base pairs 
<B> TYPE: nucleic acid 

(C) STRAIIDEDHESS : single 

(D) TOPOLOGY i linear . 

(ii) MOLECULE TYPE : DNA (genomic) 
(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
AAGAGACTAT AAAATTCGCT GCAGC 



(2) INFORMATION FOR SEQ ID HO: 2>: 

(i) SEQUENCE CHARACTERISTICS t 
(At LENGTH: 20 base pair* 
|B> TYPE: nucleic acid 
(C) STRANDEDNESS i single 
<D> TOPOLOGY i linear 

(li) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29 t 

CCCTCTAGAT GCATGCTCGA 



(2) INFORMATION FOR SEQ ID NO: 50: 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 24 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS i single 
tn\ TfipnLQCY : linear 

(U> MOLECULE TYPE; ONA (qeno«ic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 30s 

GTTCTAGTGT CCTGCWiCGA ATTT 



(2) INFORMATION F*'R SEQ ID NOt Hi 

(i) S EOI TEN CP. fllAkACTKRI— TICSi 
(A) LENTTH: 21 base pairs 
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<B) TYPE: nucleic acid 

(C) STRANDEDIIESS : Single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE : DMA (genomic) 
(Kit SEGUEtlCE DESCRIPTION: SEO ID KO: 31 i 
TC^CTATAGG GAGACCCAAG C 

C> INFORMATION FOR SEO ID NO: 32: 

' i) SEQUENCE CHARACTER I ET ICS ; 

(A) LENGTH: 1140 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDWESS : single 

(D) TOPOLOGY: linear 

(li ) MOLECULE TYPE: DNA (genomic) 

(ix> FEATURE: 

(A) NAME/KEY: COS 

<B> LOCATION; 37.. 1089 

(sit SEQUENCE DESCRIPTION: SEQ 10 NO: 32: 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 

Met Thr Val Leu Tyr Pro 
1 5 

GAA TAT TGG AAA ATG TAC AAG TCT CAG CTA AGG AAA GGA GCC TGG CAA 
Glu Tyr Trp Lys HeC Tyr Lys Cys Gin Leu Arg Lys Cly Cly Trp Gin 
10 15 20 

CAT AAC ACA GAA CAG GCC AAC CTC AAC TCA AGG ACA CAA GAG ACT ATA 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie 
25 30 35 

AAA TTT CCT CCA GCA CAT TAT AAT ACA GAG ATC TTC.AAA ACT ATT GAT 
Lys Phe Ala Al* Ala His Tyr Asn Thr Glu Zle Leu Lys Ser lie Asp 
«0 45 50 

AAT GAG TGG ACA AAC ACT CAA TCC ATC CCA CGC CAG CTG TCT ATA CAT 
Asn Glu Trp Arg Lys Thr Gin Cys Mee Pro Arg Glu Vsl Cys lie Asp 
55 60 65 70 

CTG GGG AAC GAG TTT GGA GTC GCC ACA AAC ACC TTC TTT AAA CCT CCA 
Val Gly Lys Clu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
75 80 85 

TCT CTC TCC CTC TAC ACA TCT COG CCT TCC TCC AAT ACT GAG CCC CTC 
Cys Val Ser Vel Tyr Arg Cys Cly Cly Cya Cys Asa Ser Clu Cly Leu 
90 95 100 

CAC TCC ATG AAC ACC ACC ACC ACC TAC CTC ACC AAC AOS TTA TTT CAA 
Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
105 HO 115 

ATT ACA CTC CCT CTC TCT CAA CGC CCC AAA CCA CTA ACA ATC ACT TTT 
lie Thr Val Pro l«u Ser Cln Gly Pro Lys Pro Val Thr lie Ser Phe 
'-° 125 no 

CCC AAT CAC ACT TCC TCC CCA TCC ATC TCT AAA CTC CAT CTT TAC ACA 
Al* Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
135 140 145 150 

CAA CTT CAT TCC ATT ATT AGA CCT TCC CTG CCA CCA ACA CTA CCA CAG 
Cln V*l Hio Ser tie Zle Arg Arg Ser Leu Pro Ala Thr Leu Pro Cln 

U0 165 

TOT CAG CCA CCC AAC AAQ ACC TCC CCC ACC AAT TAC ATC TCC AAT AAT 
Cys Gin Ala Al* Asn Lys Thr Cys Pro Thr Asn Tyr Mee Trp Asa Asa 
"0 175 110 

CAC ATC TCC ACA TCC CTG GCT CAC GAA CAT TTT ATC TTT TCC TOO CAT 
His lie Cys Arg Cys Leu Ala Gin Clu Asp Phe Met Phe Ser Ser Asp 
185 isQ 1JS 
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CCT CGA CAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 
Ala Civ Asp Asp Ser Thr Asp Gly Phe His Asp Zle Cys Gly Pro Asn 
200 205 210 

AAC GAG CTC GAT GAA GAG ACC TCT CAG TCT GTC TGC AGA GCG CGG CTT 
Lys Glu Leu Asp Olu Clu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
215 220 225 230 

CGG CCT GCC AGC TCT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TGC 
Arg Pro Ala Ser Cys Gly Pro Hii Lys Glu Leu Asp Arg Asn Ser Cys 
235 240 245 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC 
Gin Cys Val Cys Lys Asn Lys. Leu Phe Pro Ser Gin Cys Gly Ala Asn 
250 ' 255 260 

CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT GTA TGT AAA AGA ACC TGC 
Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg'Thr Cys 
265 270 275 

CCC AGA AATCAA CCC CTA AAT CCT GGA AAA TGT GCC TGT GAA TGT ACA 
Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 
280 285 290 

GAA ACT CCA CAG AAA TGC TTG TTA AAA GGA AAG AAG TTC CAC CAC CAA 
Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gin 
295 300 305 310 

ACA TGC AGC TGT TAC AGA CGG CCA TGT ACC AAC CGC CAG AAG CCT TGT 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
315 320 325 

GAG CCA GGA TTT TCA TAT ACT GAA GAA CTG TGT CGT TGT GTC CCT TCA 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cy» v *l Pro S« r 
110 335 340 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGA 
Tyr Trp Lys Arg Pro Gin Met Ser 

345 350 ' 

1 I'll! ATT AT GGAAAACTCT ' GTTG 



(2) INFORMATION FOR SEQ ID NO; 33: 

ti> SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 350 amino acids 
{Bt TYPE i amino acid 
(D) TOPOLOGY i linear 

(ii) MOLECULE TYPE t protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOz ]]i 

Met Thr Val Leu Tyr Pro Olu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
IS 10 15 



Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn Leu Asn Ser 
20 25 30 

Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 



He Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
50 55 <0 

Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn 



Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
85 90 95 

Cys Aon Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 

100 105 110 

Sec l.yo Thr Leu lite Clu He Thr Val Pro Leu Ser Gin Gly Pro Lys 
115 120 125 



Pro Vol Thr Zle Ser Phe Ala Aon His Thr Ser Cyo Arg Cys Met Ser 
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Lys Leu Asp Vel Tyr Arg Gin Val His Ser He He Arg Arg S«r Leu 
lis 150 1S5 160 

Pro XI a Thr Leu i*ro Gin Cys Gin Ala Ala Aon Lye Thr Cyc Pro Thr 
165 I'O 175 

Asn Tvr Het Trp Ann Asn His He Cys Arg Cys Leu Als Gin Giu Asp 
ISO 185 190 

Phe Met Pbe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
195 200 205 

Asp He Cys Cly Pro Asn Ly» Glu Leu Asp Glu Glu Thr Cys Gin Cys 
210 215 220 

Val Cvs Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 
225 ' 230 235 240 

Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 
245 250 255 

Ser Gin Cvs Gly Ale Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys 
260 265 270 

Val Cvs Lvs Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 
275 2»0 285 

Cvs Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 

290 * 295 300 

Lys Lvs Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 
305 * 310 315 320 

Asn Arg Gin Lys Als Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 
325 330 335 

Cys Arg Cvs Vsl Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
340 34S 350 



(2) INFORMATION FOR SEQ ID BO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LF-NGTH : 1997 base pairs 
(0) Tvrif: nucleic acid 

(C) STPJUrOEOMESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE i COMA 

(A> HAHE/KEYi CDS 

(B) LOCATION t 352. .1600 

(Sit SEQUENCE DESCRIPTION; SEQ ID KO: 34 i 



CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCCGACCG CGGCGGCGTC CTCCCTCGCC 



CO 
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SS Leu Asp Leu Ser A-p Ala Clu Pro Aap Ala Gly Clu Ala Thr Ala 

35 « 45 

TAT GCA ACC AAA GAT CTO GAG GAG CAG TTA CGG TCT GTG TCC ACT GTA 
Tvr A^a Ser Ly. Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser VI 
S3 6° 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAC 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Ly. Met Tyr Ly. 
70 75 

TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG AAC 
Si Gin Leu Arg Ly Cly Gly Trp Gin Hie Am Arg Glu Gin Ale Aen 
85 90 « 

CTC AAC TCA AGG ACA CAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 
Zl Asn Ser Arg Thr Glu Glu Tor He Ly. Phe Ala Al- Ale Hi. Tyr 
100 » os 110 

AAT ACA GAg'aTC TTG AAA ACT ATT GAT AAT GAG TGG AGA AAG ACT CAA 
Asn Thr Glu lie Leu Lye Ser He Asp Aan Glu Trp Arg Ly. Thr Gin 
115 120 125 130 

TGC ATG CCA CCG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA CTC 
Cvs Met Pro Arg Clu Val Cy. He Asp Val Cly Ly. Clu Phe Gly Val 
l35 140 

GCG ACA AAC ACC rrC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 
Ala Thr Asn Thr Phe Phe Ly. Pro Pro Cya Val Ser Val Tyr Arg Cy. 
150 . 155 1" 

CGG GGT TGC TGC AAT ACT GAG GGG CTG CAG TGC ATG AAC ACC ACC 
Civ Civ Cva Cy. Asn Ser Glu Gly Leu Gin Cya Met Asn Thr Ser Thr 
' i" fi5 170 I 7 * 

ACC TAC CTC ACC AAG ACC TTA TTT GAA ATT ACA GTG CCT CTC TCT 
Ser Tyr Leu Ser Ly. Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin 
ISO 185 190 

CGC CCC AAA CCA GTA ACA ATC ACT TTT GCC AAT CAC ACT TCC TCC CCA 
Civ Pro Ly. Pro Val Thr He Ser Phe Ala Aan Hi. Thr Ser Cy. Arg 
195 200 205 210 

TGC ATG TCT AAA CTO GAT GTT TAC AGA CAA CTT CAT TCC ATT ATT ACA 
Cy= Met Ser Lye t-eu top Val Tyr Arg Gin Val Hi. Ser He He Arg 



CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA CCG AAC AAG ACC 
Arg Ser Leu Pro Ala Thr Leu Pro Oln Cy. Gin Ala Al. A.n Ly. Thr 
230 233 240 

TCC CCC ACC AAT TAC ATG TOG AAT AAT CAC ATC TGC ACA TCC CTC GCT 
Cvo Pro Thr Aon Tyr Met Trp A.n A» Hi. He Cy. Arg Cy. Leu Al. 
245 2*0 235 

CAC GAA CAT TTT ATC TTT TCC TCC CAT GCT GGA GAT CAC TCA ACA CAT 
Cln Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Aap Asp Ser Thr Aap 

260 2<» 170 

GGA TTC CAT CAC ATC TCT GGA CCA AAC AAC CAC CTG GAT CAA OAG ACC 
Cly Phe Hi. A.p He Cy. Gly Pro Asn Ly* Glu Leu Aap Glu Glu Thr 
275 2.0 285 290 

T.TT * AO TOT 0TC TUT AOA OTO OtVl CTT COO CTT OCC AOC TOT OOA CCC 
i-yit HI n t've Val • 'ya AnJ Ala illy l*u Aiu Ala <Y» « l V 

10(1 >o» 

CAC AAA CAA CTA CAC ACA AAC TCA TGC CAC TCT OTC TOT AAA AAC AAA 
Hie Ly. Clu Leu Asp Arg Aan Ser Cy. Oln Cys Val Cy. Ly. Aan Ly. 
310 ' 315 "° 

CTC TTC CCC ACC CAA TGT CCG GCC AAC CCA GAA TTT GAT GAA AAC ACA 
Leu Phe Pro Ser Cln Cy* Cly Ala Asn Arg Glu Phe Aap Glu Aan Thr 
12*. 330 

TiV i AT! TITT riTA TUT AAA AflA ATT TOC CCC AHA AAT CAA CTC CTA AAT 
i.-yn i:i« Cyw VJtl <>. Lyo Aig Tin l*yo Pio Aig A*n tllti Pro L*u Ann 
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CCT GGA AAA TGT GCC TOT GAA TCT ACA GAA ACT CCA CAS AAA TCC TTC 
Pro Cly Lys Cys Ala Cya Clu Cyo Thr clu Ser Pro Gin Lys Cys Leu 
35S 360 365 3*70 

TTA AAA GGA AAC AAG TTC CAC CAC CAA ACA TCC ACC TCT TAC ACA CCG 
L«u Ly* Cly Lys Lys Phe Hia His Gin Thr Cys Ser Cya Tyr Arg Arg 
375 380 385 

CCA TCT ACC AAC CCC CAC AAG CCT TCT CAC CCA GGA TTT TCA TAT ACT 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Clu Pro Cly Phe Ser Tyr Ser 
390 395 400 

CAA CAA GTG TGT CCT TGT CTC CCT TCA TAT TCC AAA ACA CCA CAA ATC 
Clu Clu val Cys Arg Cya Val pro Ser Tyr Txp Lye Arg Pro Gin Met 
405 410 41S 



AGC TAAGATTCT A CTCTTTTCCA G TT CA TCGAT TTTCTATTAT CCAAAACTCT 
Ser 



1SS1 



GTTGCCACAC TACAACTCTC TCTCAACAGA GAGACCCTTG TGGCTCCATC CTAACAAA 1718 

CAAAAGTCTC TCTTT'JCTCA ACCATCTGCA TAACTTTACA CAAATCCACT CGACCTCA 1778 

TGCAAAAGGC CTCTTGTAAA CACTCGTTTT CTCCCAATGA CCAAACAGCC AACATTTT 183 B 

TCTTCTGATT TCTTTAAAAG AATCACTATA TAATTTATTT CCACTAAAAA T A TT G TTT 1898 

CCATTCATTT TTATA'TCAAC AACAATTGGT AAAACTCACT GTGATCAATA TT T T T AT A 1958 

ATCCAAAATA TCTTT/«AAAT AAAATGAAAA 1 1 C 1 ATT AT 1997 

12) INFORMATION FOR SEQ ID NO: 35: 

(i) SEOOENCE CHARACTERISTICS: 

(A) LEtlGTH: 419 amino acid* 

(B) TYPE: amino acid 
(DJ TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ XO NO: 35: 

Met His Leu Leu Cly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
15 10 15 

Ala Leu Leu Pro Gly Pro Arg Clu Ala Pro Ala Ala Ala Ala Ala Phe 
20 25 30 

Glu Ser Gly Leu Asp Leu Ser Asp Ala Clu Pro Asp Ala Gly Glu Ala. 



35 



40 



45 



Thr Ala Tyr Ala Ser Lys Asp Leu Clu Glu Cln Leu Arg Ser Val Ser 
50 55 CO 

Ser Val Asp Clu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp ty» Hat 



Tyr Lys Cys Cln Leu Arg Lys Cly Gly Trp Gin His Asn Arg Glu Cln 
85 90 95 

Ala Asn Leu Asn Ser Arg Thr Clu Clu Thr He Lys Phe Ala Ala Ala 
100 105 110 

His Tyr Asn Thr Glu He Leu Lys Ser He Asp Aan Clu Trp Arg Lys 
US 120 125 

Tlix Gin Cyo Met l io Art* <Uu Val Cys lie Aoj» Val Cly Lye Olu Phe 
ISO 135 140 

Cly Val Ala Thr Acn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 
145 ISO 155 ICO 

Arg Cys Gly Gly Cys Cys Asn Ser Glu Cly Leu Gin Cys Mat Aan Thr 

irtS 170 175 

:t»-i Tin Kwi Ty» ;:#•! l.yi» Tin l-»u Pli- HIm I I- Till Val Pro Lwii 



39 
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He Arg Arg Ser Leu Pro Al* Thr Leu . ^ 

n-. s 230 * 3S 



Ser Gin Gly Pro Ly. Pro V.l Thr He Ser Phe Al* Asa Hi. Thr Ser 

195 200 305 

Cy. Arg Cy. Met Ser Ly. Leu A.p V.l Tyr Arg Gin V*l Hi. Ser lie 
210 215 220 

Pro Gin Cy. Gin Al* Al* A»n 
235 240 

Trp Asn Asn Hi. H« Cy. Arg Cy. 
250 255 

Leu Al* Gin Glu Asp Phe Met Phe Ser Ser Arp Al* Oly A.p A.p Ser 
2C0 2*5 

Thr Asp Gly Phe Hi. A*p II. Cy. Gly Pro A.n Ly Glu Leu Aep Glu 
273 280 285 

Glu Thr Cy. Gin Cy. v.l Cy. Arg Al. Gly Leu Arg Pro Al. Ser Cy. 

290 * r 295 
Gly Pro Hi. Ly. Glu Leu Asp Arg Asn Ser Cy. Gin Cy. V*l Cy. Ly. 
305 310 

Aan Lv. Leu Phe Pro Ser Gin Cy. Gly Al* Asa Arg Glu Phe Asp Clu 
325 330 
Thr Cvs Gin < V . v.l Cy. Ly. Arg Thr Cyo Pro Arg A.n Gin Pro 
340 345 
Leu Asn Pro Gly Lys Cy, Al* Cys Glu Cy. Thr Glu Ser Pro Gin Ly. 



Cyo 



Leu Leu Ly. Gly Ly. Ly. Phe Hi. 

370 ™ 



Hi. Gin Thr Cy. Ser Cy. Tyr 



380 



Arg Arg Pro Cy. Thr Asn Arg Gin Ly. Al. Cy. Glu Pro Gly Phe Ser 
v*l Pro Ser Tyr Trp Ly. Arg Pro 



385 «° 



395 «°° 



Tyr Ser Glu Glu V*l Cy. Arg Cy. 

405 <" *" 

Gin Met Ser - ^ _ 



. . . and wherein the polypeptide has an apparent molecular 

VZ£^ po.ypepude capable of binding ^«3~£S£* kD as assessed by SDS-PAGE 
» - ™ recepu* tyrosine kinase Pggfg*^ 4J ^ A th^ace^S c^.ion comprising . polypeP" 

orising a portion of •m.noac.ds ^'"JfS.^ En* ail acfc acJorfing to claim 7 in a pluu^utieally-acceptable 

effective to permit such binding, said polypepnoe lacung au . . j. * , „ 

of amino adds of SEQ ID NO: 33 beyond position 180. ^^Xj the activity of human F1.4 

2. A pharmaceutical composition comprising a polypep- V*J^°;™ eomnrisine adnuiustering to a per- 

ude accoVc^Tclairn 1 in , pharmaceuUcaHy-accep^ble ^^^^"l^retpT^L ki£e 

activity a composition according to claim 2. "TTnwhod of modulating the aetivity-of human FU4 

4. A polypeptide according to chum 1 further composing 53 1LA ^^[^Z^int contacting cells that 

' TT&SZ* isolated polypeptide acting to Cairn ^^M^^*™^*^ 

Tr^rSng'mc^vity of human FU4 « 10. said Ugg* --prising an amino a*d sequence set 

receptor tyrosine kinase comprising contacting c^sthM forth A r^^deaccording to claim 7 further comprising 

express human Fli4 receptor tyrosine kinase with a polypep- A^^icWad 

tide according to claim 1. ul .. * < fj e ^„, v __l ide according to claim 7 wherein said 

7. A purified and isolated polypeptide ' ^J"*"* „ J£fj£g£ NO*3^ne«ive to penntt such binding 

wi.h high affinity!., the extracellular domain of Rl4 receptor a Jf™"";^'^^ ofS EO II) NO: 33 within amino 

lysine kinase (I-U4I. wherein the Hypepl'ifc wmmnscs • b a «^'™°»» I™'*" ™ J. "~ 

,;,n..m oTSliO II ) NO: 33 effective to permit such binding. acids 1-180 of SEQ H> N». •>•'• 
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15. A polypeptide according to claim 7 wherein the amino 
terminus of said portion effective to permit such binding 
corresponds with position 34 of SEQ ID NO: 33. 

16. A method of modulating the activity of human Fli4 
receptor tyrosine kinase comprising contacting cells that 
express human FU4 receptor tyrosine kinase with a polypep- 
tide according to claim 7. 

17. A purified and isolated polypeptide comprising a 
human polypeptide capable of binding with high affinity to 
the extracellular domain of Flt4 receptor tyrosine kinase and 
having an apparent molecular weight of approximately 23 
kD as assessed by SOS-PACE under reducing conditions, 
wherein amino terminal amino acids 2 through 1 8 of said 
human polypeptide have an amino acid sequence corre- 
\rHindtng to amino acids 2 through 18 set forth in SEQ ID 
NO: 13. 

IK. A method of modulating the activity of human FH4 
receptor tyrosine kinase comprising contacting cells that 
express human F1t4 receptor tyrosine kinase with a polypep- 
tide according to claim 17. 

19. A purified and isolated polypeptide according to claim 
17 that binds Flt4 and stimulates Flt4 phosphorylation in 
mammalian cells expressing Flt4. 

20. A pharmaceutical composition comprising a polypep- 
tide according to claim 17 in a pharmaceutically-acceptable 
diluent, adjuvant, or carrier. 

21. A method of modulating the activity of human FU4 
receptor tyrosine kinase comprising administering to a per- 
son in need of modulation of Flt4 receptor tyrosine kinase 
activity a composition according to claim 20. 

22. A polypeptide according to claim 17 further compris- 
ing a detectable Lihcl. 
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23. A punned and isolated polypeptide capable of binding 
with high affinity to the extracellular domain of Flt4 receptor 
tyrosine kinase, wherein said polypeptide has an apparent 
molecular weight of approximately 23 kO as assessed by 

5 SDS-PAGE under reducing conditions and is p'urifyable 
from conditioned media from a PC-3 prostatic adenocarci- 
noma cell line, said cell line having ATCC CRL No. 1435. 
using an affinity purification procedure wherein the affinity 
purification matrix comprises a polypeptide comprising the 

10 extracellular domain of Flt4 receptor tyrosine kinase. 

24. A polypeptide according to claim 23 which is capable 
of stimulating Flt4 phosphorylation in mammalian cells 
expressing FU4 receptor tyrosine kinase. 

25. A method of modulating the activity of human Flt4 
15 receptor tyrosine kinase comprising contacting cells that 

express human FIt4 receptor tyrosine kinase with a polypep- 
tide according to claim 24. 

26. A polypeptide according to claim 23 further compris- 
ing a detectable label. 

20 27. A pharmaceutical composition comprising a polypep- 
tide according to claim 23 in a pharmaceutically-acceptable 
diluent, adjuvant, or carrier. 

28. A method of modulating the activity of human Flt4 
receptor tyrosine kinase comprising administering to a per- 

25 son in need of modulation of FU4 receptor tyrosine kinase 
activity a composition according to claim 27. 

29. A method of modulating the activity of human FU4 
receptor .tyrosine kinase comprising contacting cells that 
express human FIt4 receptor tyrosine kinase with a polype p- 

30 tide according to claim 23. 
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FIELD OF THE INVENTION 

The present invention generally relates to the field of genetic 
engineering and more particularly to growth factors for endothelial cells 
5 and growth factor genes. 

BACKGROUND OF THE INVENTION 
Developmental growth, the remodelling and regeneration of 
adult tissues as well as solid tumor growth, can only occur when 
accompanied by blood vessel formation. Angioblasts and hematopoietic 
10 precursor cells differentiate from the mesoderm and form the blood islands 
of the yolk sac and the primary vascular system of the embryo. The 
development of blood vessels from these early (in situ) differentiating 
endothelial cells is termed vasculogenesis. Major embryonic blood vessels 
are believed to arise via vasculogenesis, whereas the formation of the rest 
15 of the vascular tree is thought to occur as a result of vascular sprouting 
from pre-existing vessels, a process called angiogenesis, Risau, et ah, 
Devel. Biol.. 125: 441-450 (1988). 

Endothelial cells give rise to several types of functionally and 
morphologically distinct vessels. When organs differentiate and begin to 
20 perform their specific functions, the phenotypic heterogeneity of endothelial 
cells increases. Upon angiogenic stimulation, endothelial cells may re-enter 
the cell cycle, migrate, withdraw from the cell cycle and subsequently 

- -fc*- r. — .n,. ^Hontprl tn their 
differentiate again to form new vessels uiai <uc »u..^ , — , 

tissue environment. Endothelial cells undergoing angiogenesis degrade the 

25 underlying basement membrane and migrate, forming capillary sprouts that 

project into the perivascular stroma. Ausprunk, et al. , Microvasc. Rev. . 14: 

51-(,5 (1977). Angiogenesis during tissue development and regeneration 

depends on the tightly controlled processes of endothelial cell proliferation, 



migration, differentiation and survival. Dysfunction of the endothelial cell 
regulatory system is a key feature of many diseases. Most importantly, 
tumor growth and metastasis have been shown to be angiogenesis 
dependent. Folkman, et aL, J. BioL Chem., 267:10931-10934 (1992). 

Key signals regulating cell growth and differentiation are 
mediated by polypeptide growth factors and their transmembrane receptors, 
many of which are tyrosine kinases. Autophosphorylated peptides within 
the tyrosine kinase insert and carboxyl-terminal sequences of activated 
receptors are commonly recognized by kinase substrates involved in signal 
transduction for the readjustment of gene expression in responding cells. 
Several families of receptor tyrosine kinases have been characterized. Van 
der Geer, et aL. Ann. Rev. Cell Biol., 70:251-337 (1994). The major 
growth factors and receptors transducing angiogenic stimuli are 
schematically shown in Figure 1. 

Fibroblast growth factors are also known to be involved in 
the regulation of angiogenesis. They have been shown to be mitogenic and 
chemotactic for cultured endothelial cells. Fibroblast growth factors also 
stimulate the production of proteases, such as collagenases and plasminogen 
activators, and induce tube formation by endothelial cells. Saksela, et aL. 
Ann. Rev. Cell BioL, 4:93-126 (1988). There are two general classes of 
fibroblast growth factors, FGF-1 and FGF-2, both of which lack 
conventional signal peptides. Both types have an affinity for heparin and 
FGF-2 is bound to heparin sulfate proteoglycans in the subendothelial 
extracellular matrix from which it may be released after injury. Heparin 
potentiates the stimulation of endothelial cell proliferation by angiogenic 
FGFs, both by protecting against denaturation and degradation and 
dispersing the FGFs. Cultured endothelial cells express the FGF-1 receptor 
but no significant levels of other high-affinity fibroblast growth factor 
receptors. 

Among other ligands for receptor tyrosine kinases, the 
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platelet derived growth factor, PDGF-BB, has been shown to be weakly 
angiogenic in the chick chorioallantoic membrane. Risau, et al f Growth 
Factors, 7:261-266 (1992). Transforming growth factor a (TGFa) is an 
angiogenic factor secreted by several tumor cell types and by macrophages. 
5 Hepatocyte growth factor (HGF), the ligand of the c-met proto-oncogene- 
encoded receptor, is also strongly angiogenic. 

Recent evidence shows that there are endothelial cell specific 
growth factors and receptors that may be primarily responsible for the 
stimulation of endothelial cell growth, differentiation and certain 
10 differentiated functions. The best studied of these is vascular endothelial 
growth factor (VEGF), a member of the PDGF family. Vascular 
endothelial growth factor is a dimeric glycoprotein of disulfide-linked 23 
kDa subunits, discovered because of its mitogenic activity toward 
endothelial cells and its ability to induce vessel permeability (hence its 
15 alternative name vascular permeability factor). Other reported effects of 
VEGF include the mobilization of intracellular calcium, the induction of 
plasminogen activator and plasminogen activator inhibitor- 1 synthesis, 
stimulation of hexose transport in endothelial cells, and promotion of 
monocyte migration in vitro. Four VEGF isoforms encoded by distinct 
20 mRNA splice variants appear to be equally capable of stimulating 

mitogenesis in endothelial cells. However, each has a different affinity for 
cell surface proteoglycans, which behave as low affinity receptors for 
VEGF. The 121 and 165 amino acid isoforms of VEGF are secreted in a 
soluble form, whereas the isoforms of 189 and 206 amino acid residues 
25 remain cell surface associated and have a strong atiinky for heparin. 

The pattern of VEGF expression suggests its involvement in 
the development and maintenance of the normal vascular system and in 
tumor angiogenesis. During murine development, the entire 7.5 day post- 
coital (p.c.) cndoderm expresses VEGF and the ventricular neuroectoderm 
30 produces VEGF at the capillary ingrowth stage Brcicr, et aL t Development, 



114:521-523 (1992). On day two of quail development, the vascularized 
area of the yolk sac as well as the whole embryo show expression of 
VEGF. In addition, epithelial cells next to fenestrated endothelia in adult 
mice show persistent VEGF expression, suggesting a role in the 
maintenance of this specific endothelial phenotype and function. 

Two high affinity receptors for VEGF have been 
characterized. These are VEGFR-l/Flt-1 (fms-like tyrosine kinase-1) and 
VEGFR-2/Kdr/Flk-l (kinase insert domain containing receptor/fetal liver 
kinase-1). Those receptors are classified in the PDGF-receptor family, but 
they have seven rather than five immunoglobuHn-Iike loops in their 
extracellular domain and they possess a longer kinase insert than normally 
observed in this family. The expression of VEGF receptors occurs mainly 
in vascular endothelial cells, although some may be present on monocytes 
and melanoma cells. Only endothelial cells have been reported to 
proliferate in response to VEGF and endothelial cells from different 
sources show different responses. Thus, the signals mediated through 
VEGFR-1 and VEGFR-2 appear to be cell type specific. 

The Flt4 receptor tyrosine kinase is closely related in 
structure to the products of the VEGFR-1 and VEGFR-2 genes. Despite 
this similarity, the mature form of FH4 differs from the VEGF receptors in 
that it is proteolytically cleaved in the extracellular domain into two 
disulfide-linked polypeptides. Pajusola et al. t Cancer Res. , 52:5738-5743 
(1992). The 4.5 and 5.8 kb Flt-4 mRNAs encode polypeptides which differ 
in their C-termini due to the use of alternative 3* exons. The VEGFs do 
not show specific binding to Flt4 or induce its autophosphorylation. 

Expression of Flt4 appears to be more restricted than 
expression of VEGFR-1 or VEGFR-2. The expression of Flt4 first 
becomes detectable by in situ hybridization in the angioblasts of head 
mesenchyme, the cardinal vein, and cxtraembryonicaliy in the allantois of 
8.5 d;iy p.c. mouse embryos. In 12.5 day p.c. embryos the Flt-4 signal is 



observed in developing venous and presumptive lymphatic endothelia, but 
arterial endothelia appear negative. During later stages of development, 
Flt4 mRNA becomes restricted to developing lymphatic vessels. Only the 
lymphatic endothelia and some high endothelial venules express Flt4 
mRNA in adult human tissues and increased expression occurs in lymphatic 
sinuses in metastatic lymph nodes and in lymphangioma. These results 
support the theory of the venous origin of lymphatic vessels. 

SUMMARY OF THE INVENTION 

The present invention provides a ligand for the Flt4 receptor 
tyrosine kinase. In a preferred embodiment, the ligand comprises a 
fragment of the amino acid sequence shown in SEQ ID NO: 33 which 
specifically binds to the Flt4 receptor tyrosine kinase. 

The present invention also provides a precursor of an Flt4 
ligand, wherein the precursor comprises the amino acid sequence shown in 
SEQ ID NO: 33. The precursor is proteolytically cleaved upon expression 
to produce an approximately 23 kD peptide which is the Flt4 ligand. In a 
preferred embodiment of the invention, an FIt4 ligand is provided which is 
the cleavage product of the precursor peptide shown in SEQ ID NO: 33 
and which has a molecular weight of approximately 23 kD under reducing 
conditions. The FIt4 ligand comprises approximately the first 180 amino 
acids shown in SEQ ID NO: 33. 

Also in a preferred embodiment, nucleic acids encoding an 
Flt4 ligand precursor are presented. Due to the degeneracy of the genetic 
code, numerous such coding sequences are possible, each having in 
common the coding of the amino acid sequence shown in SEQ ID NO: 33, 
or portions thereof. Ligand precursors according to the invention, when 
expressed in an appropriate host cell, produce, via cleavage, a peptide 
which binds specifically to the Flt4 receptor tyrosine kinase. The 
nucleotide sequence encoding the FIt4 ligand is within the nucleotide 
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sequence shown in SEQ ID NO: 32. 

The present invention also provides a cell line which 
produces an Flt4 ligand. The ligand may be purified and isolated directly 
from the cell culture medium. Also provided are vectors comprising DNA 
5 encoding the FU4 ligand and host cells comprising the vectors. Vectors are 
capable of expressing the Flt4 ligand under the control of appropriate 
promoters and other control sequences. 

Ligands according to the invention may be labeled with a 
detectable label and used to identify their corresponding receptors in situ. 

10 Antibodies, both monoclonal and polyclonal, may be made against a ligand 
of the invention according to standard techniques in the art. Such 
antibodies may be used in diagnostic applications to monitor angiogenesis, 
vascularization, lymphatic vessels and their disease states, wound healing, - 
or certain hematopoietic or leukemia cells or they may be used to block or 

15 activate the Flt4 receptor. Labeled FU4 ligand and anti-Flt4 ligand 

antibodies may be used as imaging agents in the detection of lymphatic 
vessels, high endothelial venules, and Flt4 receptors expressed in 
histochemical tissue sections. The ligand or antibody may be covalently or 
non-covalently coupled to a suitable supermagnetic, paramagnetic, elec^on 

20 dense, echogenic, or radioactive agent for imaging. Other, non-radioactive 
labels, such as biotin and avidin may also be used. 

The present invention also provides diagnostic and clinical 
applications for claimed ligands. In a preferred embodiment, Flt4 ligands 
or precursors of the invention are used to accelerate angiogenesis e.g. 

25 during wound healing or to promote the endothelial functions of lymphatic 
vessels. Ligands may be applied in any suitable manner using an 
appropriate pharmaceutically-acceptable vehicle. Ligands may also be used 
to quantify future metastatic risk by assaying biopsy material for the 
presence of aclivc receptors or ligands in a binding assay or kit using 

30 dctcctably-labclcd ligand. An Flt4 ligand according to the invention may 



also be used to promote re-growth or permeability of lymphatic vessels in, 
for example, organ transplant patients. Ligands according to the invention 
may also be used to treat or prevent inflammation, edema, aplasia of the 
lymphatic vessels, lymphatic obstruction, elephantiasis, and Milroy's 
disease. Finally, Flt4 ligands may be used to stimulate lymphocyte 
production and maturation and to promote or inhibit trafficking of 
leukocytes between tissues and lymphatic vessels or to affect migration in 
and out of the thymus. 

Inhibitors of the Flt4 ligand may be used to control 
endothelial cell proliferation and lymphangiomas. For example, such 
inhibitors may be used to arrest metastatic growth or spread or to control 
other aspects of endothelial cell expression and growth. Inhibitors include 
antibodies, antisense oligonucleotides, and peptides which block the Flt4 
receptor. 

DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic diagram showing major endothelial 

cell receptor tyrosine kinases and growth factors involved in vasculogenesis 

and angiogenesis. ( ,,%vv 

Vigufe-i-shows schematically the construction of the 

pLTRFU41 expression vector 

Figure 3 shows schematically the construction of the 
baculovirus vector encoding a secreted soluble FU4EC domain 

Figure 4 shows results of stimulation of Flt4 
autophosphorylation by conditioned medium irom rC-5 ceii cuiiuica. 

Figure 5 shows that the tyrosyl phosphorylated polypeptide 
of Flt4-transfected cells stimulated with PC-3 conditioned medium is the 
125 kD Flt4 polypeptide. ( ^ t- 

Figure 6 shows Western analysis of the FU4 ligand activity 
isolated from PC-3 conditioned medium. 
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Figure 7 shows results of gel electrophoresis of fractions 
from the Western analysis of FIt4 ligand isolated from PC-3 conditioned 
medium. 

Figure 8 shows results of Western analysis of Flt4 
5 autophosphorylation induced by either the Flt4 ligand, VEGF, or P1GF. 

Figure-9-srrows the nucleotide and deduced amino acid 
sequence of the coding portion of Flt4 Hgand cDNA. 

Figure~10^hows a comparison of the deduced amino acid 
sequences of PDGF-A, -B, two P1GF isoforms, four VEGF isoforms and 
10 FH4 ligand. 

Figure 1 1 shows the stimulation of autophosphorylation of 
the Flt4 receptor by conditioned medium from cells transfected with the 
Flt4-L expression vector 

Figure 12 shows Northern blotting analysis of Flt4-L mRNA 
15 in tumor cell lines. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to novel growth factors 
which are ligands for the Flt4 receptor tyrosine kinase. Claimed ligands 
are members of a family of platelet-derived growth factors/vascular 

20 endothelial growth factors which promote mitosis and proliferation of 

vascular endothelial cells and/or mesodermal cells. Ligands recognizing 
the Flt4 receptor tyrosine kinase were purified from a PC-3 prostatic 
adenocarcinoma cell line (ATCC CRL1435). When applied to a population 
of cells expressing the Flt4 receptor, ligands of the invention stimulate 

25 autophosphorylation, resulting in receptor activation. The invention also 
provides inhibitors of the Flt4 receptor, including antibodies directed 
against the receptor. A ligand according to the invention may be 
coexpressed as a larger precursor which is cleaved to produce the ligand. 
A corxprcssed region in some cases results from allcrnalivc splicing of 
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RNA of the ligand gene. Such a co-expressed region may be a function of 
the particular expression system used to obtain the ligand. the skilled 
artisan understands that in recombinant production of proteins, additional 
sequence may be expressed along with a functional peptide depending upon 
5 the particular recombinant construct used to express the protein, and 
subsequently removed to obtain the desired ligand. In some cases the 
recombinant ligand can be made lacking certain residues of the 
endogenous/natural ligand. Moreover, it is well-known in that conservative 
replacements may be made in a protein which do not alter the function of 
10 the protein. Accordingly, it is anticipated that such alterations are within 
the scope of the claims. It is intended that the precursor sequence shown 
in SEQ ID NO: 33 is capable of stimulating the Flt4 ligand without any 
further processing in a manner similar to that in which VEGF stimulates its 
receptor in its unprocessed form. 
15 The following Examples illustrate preferred embodiments of 

the invention, wherein the isolation, characterization, and function of Flt4 
ligands according to the invention is shown. 

EXAMPLE 1 
Production of pLTRFK41 expression vector 
20 Construction of the LTR-FU41 vector is schematically shown 

in Figure 2, The full-length Flt4s cDNA (Genbank Accession No. X68203) 
was assembled by first subcloning the S2.5 fragment, reported in Pajusola 
et al.. Cancer Res. 52:5738-5743 (1992), incorporated by reference herein, 

containing base pairs 56-25J4 ot tne nws u.w — 

25 vector (Promega, Madison, WI). 

Since cDNA libraries used for screening of Flt4 cDNAs did 
not contain its most 5' protein-coding sequences, inverse PCR was used for 
the amplification of the 5 ' end of Flt4 corresponding to the first 12 amino 
acid residues (MQRGAALCLRLW). Poly A + RNA was isolated from the 
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HEL cells and double-stranded cDNA copy was synthesized using the 
Amersham cDNA Synthesis System Plus kit and a gene specific primer: 5*- 
TGTCCTCGCTGTCCTTGTCT-3* (SEQ ID NO: 1), which was located 
195 bp downstream of the 5' end of clone S2.5. Double stranded cDNA 
5 was treated with T4 DNA polymerase to blunt the ends and cDNA was 
purified with Centricon 100 (Amicon Inc., Beverly, MA). Circularization 
was made in a total volume of 150 ul. The reaction mixture contained 
ligation buffer, 5% PEG-8000, 1 mM DTT and 8U of T4 DNA ligase 
(New England Biolabs). Ligation was carried out at 16°C for 16 hours. 
10 Fifteen ^1 of this reaction mix was used in a standard 100 ul PCR reaction 
containing 100 ng of specific primers including Sacl and Pstl restriction 
sites, present in this segment of the Flt4 cDNA, and 1 unit of Taq DNA 
polymerase (Perkin Elmer Cetus). Two rounds of PCR were performed 
using 33 cycles (denaturation at 95°C for 1 minute, annealing at 55°C for 2 
15 minutes and elongation at 72°C for 4 minutes). The PCR mixture was 
treated sequentially with the Sacl and Pstl restriction enzymes and after 
purification with MagicPCR Preps (Promega) DNA fragments were 
subcloned into the pGEM3Zf(+) vector for sequencing. The sequence 
obtained corresponds to the 5* end of the Flt4s cDNA clone deposited in 
20 the Genbank Database as Accession No. X68203. 

The sequence encoding the first 12 amino acid residues was 
added to the expression construct by ligating an Sphl digested PCR 
fragment amplified using reverse transcription-PCR of po!yA+ RNA 
isolated from the HEL cells using the oligonucleotides 5 ' - AC ATGCATGC 
25 CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG 
CTCTGCCTGG GACTCCTGGA-3' (SEQ ID NO: 2)(forward primer, 
Sphl site underlined, the translation^ start codon marked in bold follows an 
optimized Kozak consensus sequence Kozak, NucL Acids Res. 15: 8125- 
8148, 1987) and V- AC AT GCATGC CCCGCCGGT CATCC-3' (SEQ ID 
30 NO: 3) (reverse primer, Sphl site underlined) to the 5' end of the S2.5 
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fragment, thus replacing unique Sphl fragment of the S2.5 plasmid. The 
resulting vector was digested with EcoRl and Clal and ligated to a 138 bp 
PCR fragment amplified from the 0.6 kb EcoRl fragment (base pairs 3789 
to 4416 in the Genbank X68203 sequence) which encodes the 3' end of 
5 Flt4s shown in Figure 1 of Pajusola et al. t Cancer Res. 52:5738-5743, 

1992, using the oligonucleotides S'-CGGAATTCCC CATGACCCCA AC- 
S' (SEQ ID NO: 4) (forward, EcoRl site underlined) and 5*- 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT-3* (SEQ ID NO: 

5) (reverse, Clal site underlined). The coding domain was Completed by 
10 ligation of the 1.2 kb EcoRl fragment (base pairs 2535-3789 of sequence 

X68203) into the above construct. The complete cDNA was subcloned as a 
Hindlll-Clal(blunted) fragment (this Clal site was also included in the 3' 
primer used to construct the 3* end of the coding sequence) to the 
pLTRpoly expression vector reported in Makela et al. , Gene, 118: 293-294 

15 (1992) (Genbank accession number X60280), incorporated by reference 
herein, using its HindHI-Acc I(blunted) restriction sites. 

The long form of FU4 was produced by replacing the 3*-end 
of the short form as follows: The 3* region of the Flt41 cDNA was PCR- 
ampiified using a gene specific and a pGEM 3Z vector specific (SP6 

20 promoter) oligonucleotide 5*-ATTTAGGTGACACTATA-3* (SEQ ID NO: 

6) as reverse and forward primers, respectively, and an FU41 cDNA clone 
containing a 495 bp EcoRl fragment extending downstream of the EcoRl 
site at nucleotide 3789 of the Genbank X68203 sequence (the sequence 
downstream of this EcoRl site is deposited as the FU4 long form 3* 

25 sequence having Genbank accession number i>bb4U/j. The gene specific 
oligonucleotide contained a BamHl restriction site located right after the 
end of the coding region. The sequence of that (reverse primer) 
oligonucleotide was 5'- 

CCATCGATGGATCCCGATGCTGCTTAGTAGCTGT-3* (SEQ ID NO: 
30 T){BamHl site is underlined). The PCR product was digested with EcoRl 
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and BamHI and transferred in frame to LTRFlt4s vector fragment from 
which the coding sequences downstream of the EcoRI site at base pair 2535 
(see sequence X68203) had been removed by EcoRI-BamHI digestion. 
Again, the coding domain was completed by ligation of the 1.2 kb EcoRI 
5 fragment (base pairs 2535-3789 of sequence X68203) back into the 
resulting construct. 

EXAMPLE 2 

Production and analysis of FU41 transfected cells ^ 
N1H3T3 cells (60 % confluent) were cotransfected with 5r»g. 

10 of the pLTRFU41 construct and 0.25^of the pSV2neo vector (ATCC) 
containing the neomycin phosphotransferase gene, using the DOTAP 
liposome-based transfection reagents (Boehringer Mannheim, Mannheim, 
Germany). One day after the transfection the cells were transferred into 
selection media containing 0.5 mg/ml geneticin (GIBCO, Grand Island, 

15 N.Y.). Colonies of geneticin-resistant cells were isolated and analysed for 
expression of the FIt4 proteins. Cells were lysed in boiling lysis buffer 
containing 3.3% SDS (sodium dodecyl sulphate), 125 mM Tris, pH 6.8. 
Protein concentrations of the samples were measured by the BCA method 
(Pierce, Rockford, IL). About 50^t protein of each lysate was analysed 

20 for the presence of Flt4 by 6% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and immunoblotting using antisera against the carboxyl 
terminus of Flt4 and the ECL method (Amersham). 

For production of anti-Flt4 antiserum the Flt4 cDNA 
fragment encoding the 40 carboxyterminal amino acid residues of the short 

25 form: NH2-PMTPTT Y KG SVDNQTDSGM VLASEEFEQI 

ESRHRQESGFR-COOH (SEQ ID NO: 8) was cloned as a 657 bp EcoRI- 
fragment into the pGEX-HT bacterial expression vector (Pharmacia) in 
frame with the glutathione-S- transferase coding region. The resulting GST- 
Flt4S fusion protein was produced in E.coli and purified by affinity 
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chromatography using a glutathione-Sepharose 4B column. The purified 
protein was lyophilized, dissolved in phosphate buffered saline (PBS), 
mixed with Freund's adjuvant and used for immunization of rabbits at 
biweekly intervals using methods standard in the art (Harlow and Lane, 
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
1988). Antisera were used after the fourth booster immunization for 
immunoprecipitation of Flt4 from the transfected cells and clones 
expressing Flt4 were used for ligand stimulation analysis. 

EXAMPLE 3 

Construction of a Flt4 EC baculovirus vector 
and expression and purification of its product 

The construction of an Flt4 extracellular domain (EC) 
baculovirus vector is schematically shown in Figure 3. The FIt4-encoding 
cDNA has been prepared in both a long form and a short form, each being 
incorporated in a vector under control of the Moloney murine leukemia 
virus LTR promoter. The nucleotide sequence of the short form of the 
Flt4 receptor is available on the Genbank database as Accession No. 
X68203 and the specific 3' segment of the long form cDNA is available as 
Accession No. S66407. 

The ends of a cDNA segment encoding Flt4 extracellular 
domain (EC) were modified as follows: The 3' end of Flt4 cDNA 
sequence (Genbank Accession Number £68203) which encodes the 
extracellular domain was amplified using primer 1116 5'- 

CTGGAGTCGA£TTGGCUUACto <^ C V LLJ ^, , 

and primer 1315 5*- 

CGC GGATCC CTAGTGATGGTGATGGTGATGTCTACCTTCGATCATG 
CTGCCCTTAT CCTC-3' (SEQ ID NO: 10, BamHI site underlined). The 
sequence complementary to that of primer 1315 continues after the Flt4 
reading frame and encodes 6 histidinc residues for binding to a Ni-NTA 
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column (Qiagen, Hilden, Germany) followed by a stop codon, and an 
added Bam HI site. The amplified fragment was digested with Sail and 
BamHI and used to replace a unique Sall-BamHI fragment in the LTRFlt4 
vector shown in Figure 3. The Sall-BamHI fragment that was replaced 
5 encodes the Flt4 transmembrane and cytoplasmic domains. 

The 5* end without the FIt4 signal sequence encoding region 
was amplified by PCR using the primer 1335 5*- 

CCC AAGCTTGGATCCA AGTGGCTACTCrATGArr-^' (SEQ ID NO: 
11) (the primer contains added Hindlll (AAGCTT) and BamHI (GGATCC) 

10 restriction sites, which are underlined) and primer 1332 5*- 

GTTGCCTGTGATGTGCACCA-3* (SEQ ID NO: 12). The amplified 
fragment was digested with Hindlll and SphI (the Hindlll site (AAGCTT) 
is underlined in primer 1335 and the Sphl site is within the amplified 
region of the FH41 cDNA). The resulting Hindlll-Sphl fragment was used 

15 to replace a Hindlll-Sphl fragment in the modified LTRFU41 vector 

described immediately above (the Hindlll site is in the 5* junction of the 
Flt4 insert with the pLTRpoIy portion of the vector, the Sphl site is in Flt4 
cDNA). The resulting FU4EC insert was then ligated. as a BamHI fragment 
into the BamHI site in the pVTBac plasmid as disclosed in Tessier et al. y 

20 Gene 98: 177-183 (1991), incorporated by reference herein. The 

orientation was confirmed to be correct by partial sequencing so that the 
open reading frame of the signal sequence-encoding portion of the vector 
continued in frame with the FU4 sequence. That construct was transfected 
together with the baculovirus genomic DNA into SF-9 cells by lipofection. 

25 Recombinant virus was purified, amplified and used for infection of High- 
Five cells (Invitrogen, San Diego, CA) using methods standard in the art. 
The FIt4 extracellular domain was purified from the culture medium of the 
infected High-Five cells using Ni-NTA affinity chromatography according 
to manufacturers instructions (Qiagen) for binding and elution of the 6xHis 

30 tag encoded in the COOH-terminus of the recombinant FU4 extracellular 
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domain. 

EXAMPLE 4 
Isolation of FIt4 Ligand from Conditioned Media 
An FU4 ligand according to the invention was isolated from 
5 conditioned media from PC-3 prostatic adenocarcinoma cell line CRL1435 
from the American Type Culture Collection and cultured as instructed by 
the supplier in Ham's F-12 Nutrient mixture (GIBCO) containing 1% fetal 
calf serum. In order to prepare the conditioned media, confluent PC-3 cells 
were cultured for 7 days in Ham's F-12 Nutrient mixture (GIBCO) in the 
10 absence of fetal bovine serum. Medium was then cleared by centrifugation 
at 10,000 g for 20 minutes. The medium was then screened to determine 
its ability to induce tyrosine phosphorylation of Flt4 by exposure to 
NIH3T3 cells which had been transfected with Flt4-encoding cDNA using 
the pLTRFlt41 vector. For receptor stimulation experiments, subconfluent 
- 15 NIH3T3 cells were starved overnight in serum-free DMEM medium 
(GIBCO) containing 0.2% BSA. The cells were stimulated with the 
conditioned media for 5 minutes, washed twice with cold PBS containing 
100 uM vanadate and lysed in RIPA buffer (10 mM Tris pH 7.5, 50 mM 
Nad, 0.5% sodium deoxycholate, 0.5% Nonidet P40 (BDH, Poole, 
20 England), 0.1% SDS, 0.1 U/ml Aprolinin (Boehringer Mannheim); 100 
uM vanadate) for receptor immunoprecipitation analysis. The ly sates were 
centrifuged for 20 minutes at 15,000 x g. The supernatants were incubated 
for 2 hours on ice with 3 ul of the antiserum against the Flt4 C-terminus 
described ir. H.r.c.rr.pls 2 zr.d zlzo in Pejuso' 5 *, f f n ^ OnmQpnp 8: 2931- 
25 2937, (1993), incorporated by reference herein. 

Afier a 2 hour incubation in the presence of anti-FU4 
antiserum, protein A-Sepharose (Pharmacia) was added and incubation was 
continued for 45 minutes with rotation. The immunoprecipitatcs were 
washed three times with the immunoprecipitation buffer and twice with 10 
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mM Tris, pH7.5 before analysis in SDS-PAGE. Polypeptides were 
transferred to nitrocellulose and analyzed by Western blotting using FU4- or 
phosphotyrosine-specific antisera and the ECL method (Amersham 
International, Buckinghamshire, England). Anti-phosphotyrosine 
monoclonal antibodies (anti-PTyr; PY20) were purchased from 
Transduction Laboratories (Lexington, Kentucky). In some cases, the filters 
were restained with a second antibody after stripping. The stripping of the 
filters was done for 30 minutes at 50°C in 100 mM 2-mercaptoethanol, 2% 
SDS, 62.5 mM Tris-HCl pH 6.7 with occasional agitation. 

As shown in Figure 4, the PC-3 cell conditioned medium 
stimulated tyrosine phosphorylation of a 125 kD polypeptide when Flt4 
expressing NIH3T3 cells were treated with the indicated preparations of 
media, lysed, and the lysates were immunoprecipitated with anti-Flt4 
antiserum followed by SDS-PAGE, Western blotting, and staining using 
anti-PTyr antibodies. The resulting band was weakly phosphorylated upon 
stimulation with unconcentrated PC-3 conditioned medium (lane 2). The 
125 kD band comigrated with the tyrosine phosphorylated, processed form 
of the mature FH4 from pervanadate- treated cells (compare lanes 2 and 7 of 
Fig. 4, see also Figure 5 A). Comigration was confirmed upon restaining 
with anti-Flt4 antibodies as is also shown in Figure 5A (panel on the right). 
In order to show that the 125 kD polypeptide is not a non-specific 
component of the conditioned medium reactive with anti-phosphotyrosine 
antibodies, 15 ul of conditioned medium was separated by SDS-PAGE, 
blotted on nitrocellulose and the blot was stained with anti-PTyr antibodies. 
No signal was obtained (Fig. 5B). Also, unconditioned medium failed to 
stimulate Flt4 phosphorylation, as shown in Figure 4, lane 1. 

As shown in Figure 4, lane 3, stimulating activity was 
considerably increased when the PC-3 conditioned medium was 
concentrated four-fold using a Centricon-10 concentrator (Amicon). Figure 
4, lane 4, shows that prctrcatmcnt of the concentrated PC-3 conditioned 
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medium with 50 ul of the Flt4 extracellular domain coupled to CNBr- 
activated sepharose CL-4B (Pharmacia; about lmg of FIt4 EC domain/ml 
sepharose resin) completely abolished Flt4 tyrosine phosphorylation. 
Similar pretreatment of the conditioned medium with unsubstituted 

5 sepharose CL-4B did not affect stimulatory activity, as shown in Figure 4, 
lane 5. Also, the flow through obtained after concentration, which 
contained proteins of less than 10,000 molecular weight, did not stimulate 
Flt4 phosphorylation, as shown in Figure 4, lane 6. 

The foregoing data show that PC-3 cells produce a ligand 

10 which binds to the extracellular domain of Flt4 and activates this receptor. 

EXAMPLE 5 
Purification of the FU4 Ligand 
The ligand expressed by PC-3 cells as characterized in 
Example 3 was purified and isolated using a recombinan^roduced Flt4 
15 extracellular domain in affinity chromatography. 

Two harvests of serum-free conditioned medium, comprising 
a total of 8 L were collected from 500 confluent 15 cm diameter culture 
dishes containing confluent layers of PC-3 cells. The conditioned medium 
was clarified by centrifugation at 10,000 x g and concentrated 80-fold using 
20 an Ultrasette Tangential Flow Device (Filtron, Northborough, MA) with a 
10 kD cutoff Omega Ultrafiltration membrane according to the 
manufacturer's instruction. Recombinant Flt4 extracellular domain was 
expressed in a recombinant baculovirus cell system and purified by affinity 
« 1... — Mi^nomw /Tsii-MTA affinity column obtained from 

LlUUlliatV/gtUyil J vm * .« — e v 

25 Qiagen). The purified exracellular domain was coupled to CNBr-activated 
Sepharose CL-4B at a concentration of 5 mg/ml and used as an affinity 
matrix for ligand affinity chromatography. 

Concentrated conditioned medium was incubated with 2 ml 
of the recombinant FU4 extracellular domain-Scpharosc affinity matrix in a 
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rolling tube at room temperature for 3 hours. All subsequent purification 
steps were at 4-4 °C. The affinity matrix was then transferred to a column 
(Pharmacia) with an inner diameter of 15 mm and washed successively 
with 100 ml of PBS and 50 ml of 10 mM Na-phosphate buffer (pH 6.8). 

5 Bound material was eluted step-wise with 100 mM glycine-HCl, successive 
6 ml elutions having pHs of 4.0, 2.4, and 1.9. Several 2 ml fractions of 
the eluate were collected in tubes containing 0.5 ml 1 M Na-phosphate (pH 
8.0). Fractions were mixed immediately and dialysed in 1 mM Tris-HCl 
(pH 7.5). Aliquots of 75 ul each were analyzed for their ability to 

10 stimulate tyrosine phosphorylation of Flt4. The ultrafiltrate, 100 ul 

aliquots of the concentrated conditioned medium before and after ligand 
affinity chromatography, as well as 15-fold concentrated fractions of 
material released from the Flt4 extracellular domain-Sepharose matrix 
during the washings were also analyzed for their ability to stimulate Flt4 

15 tyrosine phosphorylation. ..■>.( 

As shown in Figure 6, lane 3, the concentrated conditioned 
medium induced prominent tyrosine phosphorylation of Flt4 in transfected 
NIH3T3 cells overexpressing Flt4. This activity was not observed in 
conditioned medium taken after medium was exposed to the Flt4 

20 Sepharose affinity matrix described above (lane 4). The specifically-bound 
Flt4-stimulating material was retained on the affinity matrix upon washes in 
PBS, 10 mM Na-phosphate buffer (pH 6.8), and at pH 4.0 (lanes 5-7, 
respectively), and it was eluted in the first two 2 ml aliquots at pH 2.4 
(lanes 8 and 9). A further decrease of the pH of the elution buffer did not 

25 cause release of additional Flt4-stimulating material (lane 11). 

Small aliquots of the chromatographic fractions were 
concentrated in a Speed Vac concentrator (Savant, Farmingdale, N.Y.) and 
subjected to SDS-PAGE under reducing conditions with subsequent silver 
staining of the gel. As shown in Figure 7, the major polypeptide, having a 

30 molecular weight of approximately 23 kD (reducing conditions), was 
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detected in thejractions containing Flt4 stimulating activity (corresponding 
to lanes 8 and SJ)! That polypeptide was not found in the other 
chromatographic fractions. On the other hand, all other components 
detected in the two active fractions were also distributed in the starting 
material and in small amounts in the other washing and elution steps after 
their concentration. Similar results were obtained in three independent 
affinity purifications, indicating that the 23 kD polypeptide specifically 
binds to Flt4 and induces its tyrosine phosphorylation. 

Fractions containing the 23 kD polypeptide were combined, 
dried in a Speed Vac concentrator and subjected to SDS-PAGE in a 12.5 % 
gel. The proteins from the gel were then electroblotted to Immobilon-P 
(PVDF) transfer membrane (Millipore, Malborough, MA) and visualized 
by staining of the blot with Coomassie blue R-250. The region containing 
only the stained 23 kD band was cut from the blot and was subjected to N- 
terminal amino acid sequence analysis in a Prosite Protein Sequencing 
System (Applied Biosystems, Foster City, CA). The data were analyzed 
using a 610A Data Analysis System (Applied Biosystems). Analysis 
revealed a single N-terminal sequence of NH 2 -XEETIKFAAAHYNTEILK- 
COOH (SEQ ID NO: 13). 

EXAMPLE 6 

Construction of PC-3 cell cDNA library in a 
eukaryotic expression vector, 

Poly-A4- RNA was isolated from five 15 cm diameter 
cnnfliuMii dishes of PC-3 cells by a sin file step method using oligo(dT) 
(Type III, Collaborative Research) cellulose affinity chromatography 
(Sambrook et al., Molecular Cloning, A Laboratory Manual; Cold Spring 
Harbor Laboratory Press, 1989). The yield was Six ug of the poly- 

A + RNA was used to prepare an oligo(dT)-primed cDNA library in the 
mammalian expression vector pcDNA I and the Librarian kit of Invitrogen 
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according to the instructions included in the kit. The library was estimated 
to contain about 10 6 independent recombinants with an average insert size 
of approximately 1.8 kb. 

EXAMPLE 7 

5 Amplification of the unique nucleotide sequence 

encoding the Flt4 ligand 

Degenerate oligonucleotides were designed based on the N- 
terminal amino acid sequence of the isolated FU4 ligand and were used as 
primers in a polymerase chain reaction (PCR) to amplify cDNA encoding 
10 the Flt4 ligand from a PC-3 cell library. 

The PCR was carried out using Ijug^f" DNA from the 
amplified PC-3 cDNA library and a mixture of sense-strand primers 
comprising 5'-GCAGA'RGARACNATHAA-3* (SEQ ID NO: 14)(wherein R 
is A or G, N is A t G,C or T and H is A, C or T), encoding amino acid 
15 residues 2-6 (EET1K, SEQ ID NO: 15) and antisense-strand primers 5'- 
G C A YTTN ARD AT YTCNGT-3 ' (SEQ ID NO: 16) (wherein Y is C or T 
and D is A, G or T), corresponding to amino acid residues 14-18 (TEIUC, 
SEQ ID NO: 17). Three extra nucleotides (GCA) were added to the 5'- 
terminus of each primer to increase annealing stability. Two successive 
20 PCR runs were carried out using 1U per reaction of DynaZyme, a 

thermostable DNA polymerase (F-500L, Finnzymes), in a buffer supplied 
by the manufacturer (10 mM Tris-HCl, pH 8.8 at 25 "C, 1.5 mM MgCl 2 , 
50 mM KC1, 0.1% Triton-XlOO) at an extension temperature of 72 °C. 
The first PCR run was carried out for 43 cycles. The first three cycles 
25 were run at annealing temperature 33 °C for 2 minutes and the remaining 
cycles were run at 42 °C for 1 minute. 

The region of the gel containing a weak band of the expected 
size (57 bp) was cut out from the gel and clutcd. The clutcd material was 
reamplificd for 30 cycles using the same primer pairs described above at 
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42°C for 1 minute. The amplified fragment was cloned into a pCR II vector 
(Invitrogen) using the TA cloning kit (Invitrogen) and sequenced using the 
radioactive dideoxynucleotide sequencing method of Sanger. Six clones 
were analysed and all contained the sequence encoding the expected peptide 
(amino acids 2-18 of the FU4 ligand precursor). Nucleotide sequence 
spanning the region from the third nucleotide of codon 6 to the third 
nucleotide of codon 13 (the extension region) was identical in all six 
clones: 5'-ATTCGCTGCAGCACACTACAAC-3* (SEQ ID NO: 18) and 
thus was considered to represent an amplified product from the unique 
sequence encoding part of the amino terminus of the Flt4 ligand. 

EXAMPLE 8 

Amplification of the S'-end of the cDNA 
encoding the Flt4 ligand 

Based on the unique nucleotide sequence encoding the N- 
terminus of the isolated FIt4 ligand, two pairs of nested primers were 
designlb amplify in two subsequent PCR-reactions the complete 5 '-end of 
the corresponding cDNAs from 1^'of DNA from the above-described 
PC-3 cDNA library. First, amplification was performed with primer 5'- 
TCNGTGTTGT AGTGTGCTG-3 * (SEQ ID NO: 19) which is the antisense- 
strand primer corresponding to amino acid residues 9-15 (AAHYNTE, SEQ 
ID NO: 20) and sense-strand primer 5*-TAATACGACTCACTATAGGG-3* 
(SEQ ID NO: 21) corresponding to the T7 RNA promoter of the pcDNAI 
vector used for construction of the library. "Touchdown" PCR was used as 
disdo^H in Don, et al. NucL Acids Res,, 19: 4008 (1991), incorporated 
by reference herein. The annealing temperature of the two first cycles was 
62 °C and subsequently the annealing temperature was decreased in every 
other cycle by 1 °C until a final temperature of 53 °C was reached, at 
which temperature 16 additional cycles were carried out. Annealing time 
was 1 minute and extension at each cycle was conducted at 72 °C for 1 
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minute. Multiple amplified DNA fragments were obtained in the first 
reaction. The products of the first amplification (1 ul of a 1:100 dilution in 
water) were used in the second amplification reaction employing the nested 
primers 5*-GTTGTAGTGTGCTGCAGCGAATTT-3* (SEQ ID NO: 22), an 
5 antisense-strand primer corresponding to amino acid residues 6-13 
(KFAAAHYN, SEQ ID NO: 23) of the Flt4 ligand and 5'- 
TCACTATAGGGAGACCCAAGC-3' (SEQ ID NO: 24), a sense-strand 
primer corresponding to nucleotides 2179-2199 of the pcDNAI vector. The 
sequences of these sense and antisense primers overlapped with the 3' ends 
10 of the corresponding primers used in the first PCR. "Touchdown- PCR 

was carried out by decreasing the annealing temperature from 72 °C to 66 
°C and continuing with 18 additional cycles at 66 °C. The annealing time 
was 1 minute and extension at each cycle was carried out at 72 °C for 2 
minutes. One major product of about 220 bp and three minor products of 
15 about 270 bp, 150 bp, and 100 bp were obtained. 

The amplified fragment of approximately 220 bp was cut out 
from the agarose gel, cloned into a pCRII vector using the TA cloning kit 
(Invitrogen) and sequenced. Three recombinant clones were analysed and 

they contained the sequence 5*- 
20 TCACTATAGGGAGACCCAAGCTTGGTACCGAGCTCGGATCCACTA 

GTAACGGCCGCCAGTGTGGTGGAATTCGACGAACTCATGACTGTA. 
r-rr-rArf-rAnAATA TTGGAA A ATGTACAAGTGTCAQCTAAGqCAA 

r,nAnnrTnfiCAArATAArAGA nAArAGGCrAArCTCAACTCAAG 

^ArAr,AAnAnACT ATAAAATrCG rTnrAGCACACTACAAC- 3' 
25 (SEQ ID NO: 25). The beginning of the sequence represents the pcDNAI 
vector and the underlined sequence represents the amplified product of the 
5*-end of the insert. The ATG codon located upstream of that sequence in 
the same reading frame is followed by an open reading frame containing 
the amplified product of the putative signal sequence and the first 13 
30 amino acid residues of the secreted Flt4 ligand. 
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EXAMPLE 9 

Amplification of the 3'-end of cDNA encoding the FU4 ligand 

Based upon the amplified 5 '-sequence of the clones encoding 
the Flt4 ligand, two pairs of non-overlapping nested primers were designed 
to amplify the 3'-portion of the clones. The sense-strand primer 5'- 
ACAGAGAACAGGCCAACC-3' (SEQ ID NO: 26) and antisense-strand 
primer 5'-TCTAGCATTTAGGTGACAC-3' (SEQ ID NO: 27) 
corresponding to nucleotides 2311-2329 of the pcDNAI vector were used in 
a first "touchdown" PCR. The annealing temperature of the reaction was 
decreased l'C every two cycles from 72°C to 52°C, at which temperature 
15 additional cycles were carried out. The annealing time was 1 minute 
and extension at each cycle was carried out at 72°C for 3 minutes. DNA 
fragments of several sizes were obtained in the first amplification. Those 
products were diluted 1:200 in water and reamplified in PCR using the 
second pair of primers: 5'-AAGAGACTATAAAATTCGCTGCAGC-3' 
(SEQ ID NO: 28) and 5*-CCCTCTAGATGCATGCTCGA-3' (SEQ ID 
NO: 29) (antisense-strand primer corresponding to nucleotides 2279-2298 
of the pcDNAI vector). Two DNA fragments were obtained, having sizes 
of 1350 bp and 570 bp. Those fragments were cloned into a pCRlI vector 
and the inserts of the clones were sequenced. Both of these fragments 
were found to contain sequences encoding an amino acid sequence 
homologous to the VEGF sequence. 

EXAMPLE 10 
r. : — r>r 7 ™n rUNA library using the 5' 

n-nii'b * — - - 

PCR fragment of Flt4 ligand cDNA 

A 219 bp 5'tcrminal fragment of Flt4 ligand cDNA was 
amplified by PCR using the 5' PCR fragment described above and primers 
5^C^■^(i*r^(^'(^'(;C^C;CA(;C(iAA'^^^-3 , (anliscnsc-strand primer, S1ZQ 
ID NO: 30) and 5 ' -TC ACT AT AGGG AG ACCC A AGC-3 * (SEQ ID NO: 
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31) (sense-primer corresponding to nucleotides 2179-2199 of the pcDNAI 
vector). The amplified product was subjected to digestion with EcoRJ 
(Boehringer Mannheim) to remove the portion of the DNA sequence 
amplified from the pcDNAI vector and the resulting 153 bp fragment 
encoding the 5' end of the FU4 ligand was labeled with [ 32 P]-dCTP using 
the Klenow fragment of E.coli DNA polymerase I (Boehringer Mannheim). 
That fragment was used as a probe for hybridization screening of the 
amplified PC-3 cell cDNA library. 

Filter replicas of the library were hybridized with the 
radioactively labeled^prpbe at 42 °C for 20 hours in a solution containing 
50% formamide?~5x£sP&, 5x Denhardt's solution, 0.1% SDS and 0.1, 
mg/ml denatured salmon sperm DNA. Filters were washed twice i^lxSSe, 
0. 1% SDS for 30 minutes at room temperature, then twice for 30 minutes 
at 65 °C and exposed overnight. 

On the basis of autoradiography, 10 positive recombinant 
bacterial colonies hybridizing with the probe were chosen from the library. 
Plasmid DNA was purified from these colonies and analysed by EcoRl and 
NotI digestion and agarose gel electrophoresis followed by ethidium 
bromide staining. The ten plasmid clones were divided into three groups 
on the basis of the presence of insert sizes of approximately 1.7, 1.9 and 
2.1 kb, respectively. Inserts of plasmids from each group were sequenced 
using the T7 oligonucleotide as a primer and walking primers for 
subsequent sequencing reactions. 

Sequence analysis showed that all clones contain the open 
reading frame encoding the NH2-terminal sequence of the Flt4 ligand. 
Furthermore, the 2.1 and 1.9 kb clones also contained sequences encoding 
the signal sequence. The 5' end of the 1.7 kb clone began within the signal 
sequence-encoding portion. Dideoxy sequencing was continued using 
walking primers in the downstream direction. An X ^^^^\^^^^ 
of the sequence of the longest clone is shown in Figure 9. As can be seen 
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in that figure, after the putative signal sequence the open reading frame 
terminates in a TAA stop codon 317 amino acid residues further 
downstream from the signal sequence. When compared with sequences in 
the GenBank Database, the predicted protein product, of this reading frame 
was found to be homologous with the predicted amino acid sequences of 
the PDGF/VEGF family of growth factors, as shown in Figure-10. 

EXAMPLE 11 

Stimulation of FH4 autophosphorylation by the 
protein product of the Flt4 ligand vector 

The 2.1 kb insert of the FU4-L clone in pcDNAI vector 
containing the open reading frame encoding the sequence shown in Eig^9 - 
(SEQ ID NO: 32) was cut out from the vector using Hindlll and Notl 
restriction enzymes, isolated from a preparative agarose gel and ligated to 
the corresponding sites in the P REP7 expression vector (Invitrogen). The 
pREP7 vector containing the above cloned insert was transfected into 293- 
EBNA cells (Invitrogen) using the calcium phosphate transfection method 
(Sambrook et al., Molecular Cloning, A Laboratory Manual; Cold Spring 
Harbor Laboratory Press, 1989). About 48 hours after transfection the 
medium of the transfected cells was changed to DMEM medium lacking 
fetal calf serum and incubated for 36 h. The thus conditioned medium was 
then collected, centrifuged at SOOOxg for 20 minutes, the supernatant was 
used concentrated 5-fold using Centriprep 10 (Amicon) ttttHe stimulate 
N1H3T3 cells expressing LTRFU41, as in Example 4. The cells were lysed, 
immunoprecipitated using anti-Flt4 antiserum ami aiiilyscd by Western 
blotting using anti-phosphotyrosine antibodies. 

As can be seen from Fig. 11, lanes 1 and 3, the conditioned 
medium from two different dishes of the transfected cells stimulated Flt4 
aulophosphorylalion in comparison with the medium from mock-transfcctcd 
cells, which gave only background levels of phosphorylation of the FH4 



if 
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receptor (lane 2). When the concentrated conditioned medium was 
preabsorbed with 20^ of a slur of FU4EC domain coupled to Sepharose 
(see example 4), no phosphorylation was obtained (lane 4), showing that 
the activity responsible for Flt4 autophosphorylation was indeed the Flt4 
5 ligand. Thus, these results demonstrate that the FU4-L plasmid vector clone 
having an approximately 2.1 kb insert and containing the open reading 
frame shown in Figr^ is expressed into a Flt4 ligand in cells trartsfected 
with the Flt4-L expression vector clone, and thus is biologically active. 
The sequence encoded by that open reading frame is shown in SEQ ID 
10 NO: 33. Plasmid^Fi^hias been deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852 as 



accession numberjS^^ / 

\ yyJ^ i J \ ^ However, the predic 

'0/ V. 1 



"However, the predicted molecular weight of the mature 
protein product deduced from this reading frame is 35,724 and the Flt4 
15 ligand from PC-3 cell cultures had an approximate molecular weight of 23 
kD under reducing conditions. It is thus possible that the Flt4 mRNA may 
be first translated into a precursor, from which the mature ligand is derived 
by proteolytic cleavage. The difference in the observed molecular weight of 
the isolated Flt4 ligand and the deduced molecular weight of the disclosed 
20 open reading frame of the Flt4 ligand sequence may then derive from 
sequences in the carboxyl terminal region of the latter. Also, the Flt4 
ligand may be glycosylated at two putative N-linked glycosylation sites 
conforming to the consensus which can be identified in the deduced Flt4 



ligand amino acid sequence (N-residuesJrrrarkcdF in Fig^- 10). 

25 The carboxyl terminal amino acid sequences, which increase 

the predicted molecular weight of the Flt4 ligand subunit in comparison 
with other ligands of this family show a pattern of spacing of cysteine 
residues reminiscent of the Balbiani ring protein 3 (BI^3) sequence 
(Dignam and Case, Gene 88, 133-140, 1990). Such a sequence may encode 

30 an independently folded domain present in a FIt4 ligand precursor and it 
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may be involved, for example, in the regulation of secretion, solubility, 
stability, cell surface localization or activity of the Flt4 ligand. 
Interestingly, at least one cysteine motif of the BRP3 type is also found in 
the VEGF carboxy terminal amino acid sequences. 

Thus, the Flt4 mRNA may be first translated into a 
precursor from the mRNA corresponding to the FU4-L clone, from which 
the mature ligand is derived by proteolytic cleavage. To define the mature 
Flt4 ligand product one first expresses the cDNA clone, which is deposited 
in the pcDNAI expression vector, in cells, such as COS cells and use 
antibodies generated against Flt4-L-encoded peptides, such as amino 
terminal 23 amino acid peptide or bacterial Flt4 fusion proteins, such as a 
GST-fusion protein, to raise antibodies against the VEGF-homologous 
domain of Flt4 ligand. One then follows the biosynthesis and processing of 
the Flt4 ligand in the transfected cells by pulse-chase analysis using 
radioactive cysteine for labelling of the cells, immunoprecipitation and gel 
electrophoresis. Using antibodies against the two domains of the product of 
the FU4-L clone material for radioactive or nonradioactive aminoterminal 
sequence analysis" is isolated. The determination of the NH2-terminal 
sequence of the carboxy I terminal fragment allows for identification of the 
proteolytic processing site. This is confirmed by site-directed mutagenesis 
of the amino acid residues adjacent to the cleavage site, which would 
prevent the cleavage. 

On the other hand, the Flt4 ligand is characterized by 
progressive 3' deletions in the 3' coding sequences of the Flt4 ligand 

rlnnn rcsultine ia€60H-terminal truncations or its protein 
product. The activities of such truncated forms are asaysed by, for 
example, studying FH4 autophosphorylation induced by the truncated 
proteins when applied to cultures of cells, such^asd NIH3T3 cells 
expressing LTRFU4. By extrapolation from studies of the structure of the 
related platelet derived growth factor (PDGF, reference Heldin et al. t 
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Growth Factors. 8, 245-252, 1993) one determines that the region critical 
for receptor activation by the Flt4 ligand is contained within its first 
approximately 180 amino acid residues. 

On the other hand, the difference between the molecular 
5 weights of the purified ligand and the open reading frame of the Flt4 

precursor clone may be due to the fact that the soluble ligand was produced 
from an alternatively spliced mRNA which would also be present in the 
PC-3 cells, from which the isolated ligand was derived. To isolate such 
alternative cDNA clones one uses cDNA fragments of the deposited clone 

10 and PCR primers made according to the sequence provided as well as 

techniques standard in the art to isolate or amplify alternative cDNAs from 
the PC-3 cell cDNA library. One may also amplify using reverse 
transcription (RT)-PCR directly from the PC-3 mRNA using the primers 
provided in the sequence of the FU4-L clone. Alternative cDNAs can be * 

15 sequenced from the resulting cDNA clones. One can also isolate genomic 
clones corresponding to the Flt4-L transcript from a human genomic DNA 
library using methods standard in the art and to sequence such clones or 
their subcloned fragments to reveal the corresponding exons. Alternative 
exons can then be identified by a number of methods standard in the art, 

20 such as heteroduplex analysis of cDNA and genomic DNA and they can 
subsequently be characterized. 

EXAMPLE 12 
Expression of the FU4-L gene 
Expression of transcripts corresponding to the Flt4 ligand 
25 was analysed by hybridization of Northern blots containing isolated 

polyA+ RNA from HT-1080 and PC-3 human tumor cell lines. The probe 
was the radioactively labelled insert of the 2.1 kb cDNA clone (specific 
activity 10 8 -lO 9 cpm/mg of DNA). The blot was hybridized overnight at 
42C using 50% formamide, 5 x SSPE buffer, 2% SDS, 10 x Denhardts 
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solution, 100 mg/ml salmon sperm DNA and IxlO 6 cpm of the labelled 
probe/ml. The blot was washed at room temperature for 2^3p minutes in 
2 x SSC containing 0.05% SDS and then for 2 x 20 min al,»^jn(U x 
SSC containing 0.1% SDS. The blot was then exposed at -^OCfor three 
days using intensifying screens and Kodak XAR film. Both cell lines 
expressed an Flt4 ligand mRNA of about 2.3 kb, as well as VEGF and 
VEGF-B mRNA:s (Fig. 12). 



-30- 

SEQUENCE LISTING 



4* 



(1) GENERAL INFORMATION: 

<i) APPLICANT: Alitalo, Kari & 
Joukov, Vladomir 



(ii) TITLE OF INVENTION: Receptor Ligand 

(iii) NUMBER OF SEQUENCES: 3 5 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: Marshall, O'Toole, Gerstein, Murray & Borun 

{ B) STREET: 6300 Sears Tower, 233 South Wacker Drive 

<C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: United States of America 
{ F) ZIP : 60606-6402 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 
.(C) OPERATING SYSTEM: PC - DOS / MS - DOS 

(D) SOFTWARE: Patentln Release #1-0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/510,133 

(B) FILING DATE: 08/01/95 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Gass, David A. 

(B) REGISTRATION NUMBER: 38,153 

(C) REFERENCE /DOCKET NUMBER: 28113/32863 

(ix>- TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX: 312/474-0448 
<C) TELEX: 25-3856 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS : single 
<D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
TGTCCTCGCT GTCCTTGTCT 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) ;:i:umi:n(*e character r stick : 

(A) I.KNCTIf: 70 b.uur palm 

(ii) TYIM\: nucleic jit: id j^j 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



C 



F! 



0 
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(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 2 : 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 
GACTCCTGGA 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
ACATGCATGC CCCGCCGGTC ATCC 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 4 : 
CGGAATTCCC CATGACCCCA AC 
(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xii SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 
(2) INFORMATION FOR SEQ ID NO : 6 : 

'D yC** n waRACTERISTICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(h) Tt>PO[iOfJY: linrsnr 

(ii) MOI.KIMH.K TYPK: DNA (ijcmm im i <:) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 6 : 
ATTTAGGTGA CACTATA 
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(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 4 0 amino acids 

(B) TYPE: amino acid 
'(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Pro Met- Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp Asn Gin Thr Asp 
1 5 10 15 

Ser Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin He Glu Ser Arg 
20 25 30 

His Arg Gin Glu Ser Gly Phe Arg 
35 40 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CTGGAGTCGA CTTGGCGGAC T 
(2) INFORMATION FOR SEQ ID NO: 10: 

(ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) Mdl.Kflll.R TYI'K: DNA (i jftit mi i r) 
(xi) SEUUENCE DESCRCPTION: SEQ ID NO: 10: 
CGCGGATCCC TAGTGATGGT GATGGTGATG TCTACCTTCG ATCATG CTGC CCTTATCCTC 
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(2) INFORMATION FOR SEQ ID NO: 11: /; ■ V; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs *'^. % 

(B) TYPE: nucleic acid ''.^ ;i< 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 34 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TO PO LOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTTG C CTGTG ATGTGCACCA 20 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 18 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu He 
Leu Lys 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLUUr : iineair 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
iWAciAHCAl-PA < 'MATIIAA 17 
(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 



-1 
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( A) LENGTH: 5 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

( D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

Glu Glu Thr He Lys 
1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

GCAYTTNARD ATYTCNGT 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
" (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

Thr Glu He Leu Lys 

1 - • 5 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

ATTCGCTGCA GCACACTACA AC 

(2) INFORMATION FOR SEQ ID NO: 19: 

( t ) SKOUENCE CHARACTERISTICS : 
(A) LENGTH: 19 banc pfl i ru 
(10 TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 

TCAGTGTTGT AGTGTGCTG 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 

Ala Ala His Tyr Asn Thr Glu 
1 5 

(2) INFORMATION FOR SEQ ID NO : 2 1 : 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(Di TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 

TAATACGACT CACTATAGGG 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 
{B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2 
GTTGTAGTGT GCTGCAGCGA ATTT 
(2) INFORMATION FOR SEQ ID NO: 23: 

t 1 / StyUtlNLf CHAKKLTCKiai'ICS: 

{A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 



Lys Phe Ala Ala Ala His Tyr Asn 
1 5 
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(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TCACTATAGG GAG AC CCAAG C 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
TCACTATAGG GAGACCCAAG CTTGGTACCG AGCTCGGATC CACTAGTAAC GGCCGCCAGT 
GTGGTGGAAT TCGACGAACT CATGACTGTA CTCTACCCAG AATATTGGAA AATGTACAAG 
TGTCAGCTAA GGCAAGGAGG CTGGCAACAT AACAGAGAAC AGGCCAACCT CAACTCAAGG 
ACAGAAGAGA CTATAAAATT CGCTG C AG C A CACTACAAC 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: - linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
ACAGAGAACA GGCCAACC 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
TCTAGCATTT AGGTGACAC 
(2) INFORMATION FOR SEQ ID NO: 28: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
AAGAGACTAT AAAATTCG CT GCAGC 
(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
CCCTCTAGAT GCATGCTCGA 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
GTTGTAGTGT GCTGCAGCGA ATTT 
(2) INFORMATION FOR SEQ ID NO : 3 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

TCACTATAGG GAGACCCAAG C 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEOUENCE CHARACTERISTICS: 

(A) LENGTH: 1140 base pairs 
(H) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(Bi LOCATION: 37.. 1089 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 54 

Met Thr Val Leu Tyr Pro 
1 5 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 102 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 
10 15 20 

CAT AAC AG A GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 150 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr He 
25 30 35 

AAA TTT GCT GCA GCA CAT TAT AAT ACA GAG ATC TTG AAA AGT ATT GAT 198 
Lys Phe Ala Ala Ala His Tyr Asn Thr Glu He Leu Lys Ser lie Asp 
40 45 50 

AAT GAG TGG AG A AAG ACT CAA TGC ATG CCA CGG GAG GTG TGT ATA GAT 24 6 

Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu Val Cys He Asp 
55 60 65 70 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA CCT CCA 2 94 

Val Glv Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
7 75 80 .85 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 34 2 

Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 
90 95 100 

CAG TGC ATG AAC ACC AGC ACG AGC TAC CTC AGC AAG ACG TTA TTT GAA 3 90 

Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
105 HO 115 

ATT ACA GTG CCT CTC TCT CAA GGC CCC AAA CCA GTA ACA ATC AGT TTT 438 
He Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe 
120 125 130 

GCC AAT CAC ACT TCC TGC CGA TGC ATG TCT AAA CTG GAT GTT TAC AGA 486 
Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
13S 140 145 150 

CAA GTT CAT TCC ATT ATT AGA CGT TCC CTG CCA GCA ACA CTA CCA CAG 534 
Gin Val Mia Ser lie He Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin 
155 160 165 

TGT CAG GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 582 
Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 
170 175 180 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 63 0 

His He Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 
185 190 195 

GCT GGA OAT <;AC TCA ACA GAT CCA TTC CAT CAC ATC TGT GGA CCA AAC 67 8 

Ala Gly Asp Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn 
200 20S 210 
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AAG GAG CTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 
Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
215 220 225 230 

CGG CCT GCC AGG TGT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TGC 
Arg Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp. Arg Asn Ser Cys 
235 240 245 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC 
Gin Cys Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn 
250 255 260 

CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT GTA TGT AAA AGA ACC TGC 
Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys 
265 270 275 

CCC AGA AAT CAA CCC CTA AAT CCT GGA AAA TGT GCC TGT GAA TGT ACA 
Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 
280 285 290 

GAA AGT CCA CAG AAA TGC TTG TTA AAA GGA AAG AAG TTC CAC CAC CAA 
Clu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gin 
295 - 300 305 310 

ACA TGC AGC TGT TAC AGA CGG CCA TGT ACG AAC CGC CAG AAG GCT TGT 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
315 320 325 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG TGT CGT TGT GTC CCT TCA 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser 
330 335 340 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT 
Tyr Trp Lys Arg Pro Gin Met Ser 
345 350 

TTTCTATT AT GGAAAACTGT GTTG 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 350 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
IS io 15 

Arg Lys Gly GLy Trp Gin His Asn Arg Glu Gin Ala Asn Leu msu 3<=i 
20 25 30 

Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
35 40 45 

I le Let. Lys Ser 1 te Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
SO 55 60 

Ar.j Chi V.i I !'■/:■ He- A:;p Val C I y Lyu Glu Phe Gly Vn I Ala Thr Asn 
6b 70 75 80 
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Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
85 90 95 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu 
100 105 110 

Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin Gly Pro Lys 
115 120 125 

Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser 
130 135 140 

Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg Arg Ser Leu 
145 150 155 160 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 
165 170 175 

Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala Gin Glu Asp 
180 185 190 

Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
195 200 205 

Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys 
210 215 220 

Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 
225 230 235 240 

Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 
245 250 255 

Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys 
260 265 270 

Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 
275 280 285 

Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 
290 295 300 

Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 
305 310 315 320 

Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 
325 330 335 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
340 345 350 



(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 1997 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOI.KCUI.K TYPE: cDNA 
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CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 
Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr 
100 105 11° 

AAT ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA 
Arn T >,r- mi. rie Leu Lvs Ser lie Asp Asn Glu Trp Arg Lys Thr Gin 
VlS 120 'i" 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 
Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe Gly Val 
7 135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 
A l.i Tin- Ar.n Thr I'hf Phe l.yr Pro Pro Cyr. Val Ser Val Tyr Arq Cys 
|M> 1V» ir>0 



(ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 3.52 .. 1608 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

CCCGCCCCGC C.TCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC 60 

.CTCCCTTCAC I .'TCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC 120 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 180 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 24 0 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTCC c/CCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 357 

Met HIS 
1 

TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 405 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
5 10 15 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 2S 1 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 40 45 ^ 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 
Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 - 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
.70 .75 80 

TGT CAG CTA AGC AAA GGA GGC TGC CAA CAT AAC AGA GAA CAG GCC AAC 
Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn 
85 90 95 



453 



549 



645 



741 



837 
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GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG 885 
Glv Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met-Asn Thr Ser Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT CTC TCT CAA 93 3 

Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin 
180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lyf: Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
19* 200 205 210 

TGC ATG' TCT AAA CTG GAT GTT TAC AG A CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg 
215 220 225 

CGT TCC CTC CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala 
245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 300 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 1317 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 315 320 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 330 335 

TGC CAC TGT CTA TGT AAA AGA ACC TCC CCC AGA AAT CAA CCC CTA AAT 1413 
Cyr; Gin Cyu Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 350 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG . 14 61 
Pro GLy Lyi; Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
355 360 365 370 

TTA AAA CGA AAC AAC! TTC CAC CAC CAA ACA TGC AGC TCT TAC AGA CGG 1509 
I.. <» l.v:: Civ I I.y:: Pin* Hi:: Mi:: C, I n Thr Cy:: :ier Cyr. Tyr Arq Arq 
yi\> 380 385 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT AGT 1557 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 39S 400 

CAA CAA CTC TCT" • *CT TCT CTC CCT TCA TAT TCC AAA /\CA Ct 'A . * "AA ATC I Ml'. 

CI ii CI ii V.i I Cys Ar.j Cy:: V,i I hu livt Tyi Tip Lyi; At y I'ro Gin Mel. 
40S 410 415 



AGC TAAGATTGTA CTGTTTTC C A GTTCATCGAT TTTCTATTAT GGAAAACTGT 



Ser 



GTTGCCACAG TAGAACTGTC TGTGAACAGA GAG AC C CTTG TGGGTCCATG CTAACAAAGA 
CAAAAGTCTG-TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 
TOCAAAACCC iTC FTG T A A A GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTTCC 
Tl.-rrUTUA-n- TCTTTAAAAG A ATG ACT AT A TAATTTATTT CCACTAAAAA TATTGTTTCT 
GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT 

U) INFORMATION FOR SEQ ID NO: 35: 

ti) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 419 amino acids 
(B) TYPE: amino acid 
'(D) TOPOLOGY: linear 

HHI.KCIU.K TYI'I-:: piol.cin 

Ui> SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Mec His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
15 10 15 

Ala Leu Leu Pro Cly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 
20 25 30 

Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala 
35 40 45 

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser 
50 55 60 

^ r val Asp Oli. I.nu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met 
'65 70 75 80 

Tyt- Lyc Cys Chi Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin 
85 9° 95 

A In Asn Leu Ann <:nr Arg Thr Glu Glu Thr He Lys Phe Ala Ala Ala 
mc: HO 



100 



His Tyr Asn Thr Glu He Leu Lys Ser He Asp Asn Glu Trp Arg Lys 

110 120 125 

Tin <:ln Cy:: M.-t l-t-. Am) Chi V.i I Cy:: Mi* A::p vai wiy i.. ys . C, I . . 

I to I3'_> 140 

v.-i I AUi Tin Aiiii The Phe Phe Lys Pro Pro Cys Val Ser Va L Tyr 

145 150 _ 155 160 

Arq Cyr. Gly Glv Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 

170 

■ ■[■!,, r, ■ "■<*• ''Y- *''•»» ,,h '* <:,M 1 ,( " T,,, V l ' ,,r " 

JHU 1H!> ly0 



Ser; Gin Gly Pro Lys 
195 

Cys Arg Cys Met Ser 
210 

lie Arg Arg Ser Leu 
225 

Lys Thr Cys Pro Thr 
245 

Leu Ala Gin Glu Asp 
260 

Thr Asp Gly Phe His 
275 

Glu Thr Cys Gin Cys 
290 

Gly Pro His Lys Glu 
305 

Asn Lys Leu Phe Pro 
3 2 5 

Asn Thr Cyt; Gin Cys 
340 

Leu Asn Pre Gly Lys 
35S 

Cys Leu Leu Lys Gly 
370 

Arg Arg Pro Cys Thr 
385 

Tyr Ser Glu Glu Val 
405 
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Pto Val Thr lie Ser Phe 
200 

Lys Leu Asp Val Tyr 
215 

Pro Ala. Thr Leu Pro 
230 

Asn Tyr Met 'Trp Asn 
250 

Phe Met Phe Ser Ser 
265 

Asp lie Cys Gly Pro 
280 

Val Cys Arg Ala Gly 
295 

Leu Asp Arg Asn Ser 
310 

Ser Gin Cys Gly Ala 
330 

Val Cys Lys Arg Thr 
345 

Cys Ala Cys Glu Cys 
360 

Lys Lys Phe His His 
375 

Asn Arg Gin Lys Ala 
390 

Cys Arg Cys Val Pro 
410 



Ala Asn His Thr Ser 
205 

Arg Gin Val His Ser He 
220 

Gin Cys Gin Ala Ala Asn 
235 240 

Asn His lie Cys Arg Cys 
255 

Asp Ala Gly Asp Asp Ser 
270 

Asn Lys Glu Leu Asp Glu 
285 

Leu Arg Pro Ala Ser Cys 
300 

Cys Gin Cys Val -Cys Lys 
315 320 

Asn Arg Glu Phe Asp Glu 
335 

Cys Pro Arg Asn Gin Pro 
350 

Thr Glu Ser Pro Gin Lys 
365 

Gin Thr Cys Ser Cys Tyr 
380 

Cys Glu Pro Gly Phe Ser 
395 400 

Ser Tyr Trp Lys Arg Pro 
415 



Gin Met Ser 



-41 - 
CLAIMS 



y y --v — — 

><^l / ^ L ) A purified and isolated peptide which specific^ 

"binds to the/Rt4 receptor tyrosine kinase. 

/ 

2 . A purified and isolated pe^having the amino acid 
sequence shown in SEQ ID NO: 33. 

3. A nucleic^c1d"encoding the purifed and isolated 
peptide according to cMnl7. 

The nucleic acid according to claim 3 having the 
sequence -shown in SEQJDNO^. 



5. A vector compfeg the nucleic acid according to 
claim 4. \ 



^ j'. fX " The vector according fo claim 5, wherein said vector 
^ptemid P 4t, deposited ^TCCaccession^^ 

7. A host cell com^g the vector according to claim 



C '-ir >/■ ' A fragment of the purified and isolated^eptide 
: -af ordVngC claim 2 which is capable of specinc^S&S *o - Flt4 
receptor tyrosine kinase. 

9. The fi?gto according to claim 8 having an apparent 
molecular weight of 23^5 under reducing conditions. _ 
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10. The fragment according- tQxIaim 8 comprising 
approximately the first 180 amino acids shoWin.SEQ ID NO: 32. 



11. An antibody which is specifically reactive with the # 
Flt4 ligand. \ 



A pharmaceutical composition cOinpiisiug~d peptide- 



according tcTcIaim 2 in a pharmaceutical ^acGeptSoTe diluent, adjuvant, or 



carrief. 





0 %\t?/o/3J> 
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ABSTRACT 

Provided are Hgands for the receptor tyrosine kinase, Flt4. 
Also provided are cDNAs and vectors encoding the ligand, pharmaceutical 
compositions and diagnostic reagents. 
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JOINT INVENTORS 



"EXPRESS MAIL" mailing label No. 
EG473138672US. 
Date of Deposit: August 1 , 1 995 
I hereby certify that this paper (or fee) is 
being deposited with the United States Postal 
Service "EXPRESS MAIL POST OFFICE TO 
ADDRESSEE" service under 37 CFR §1.10 on 
the date indicated above and is addressed to: 
Assistant Commissioner for Patents, 
Washington, D.C. 20231 




APPLICATION FOR 
UNITED STATES LETTERS PATENT 



SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Kari Alitalo a citizen of Finland, residing at 
Nyyrikintie 4A, 02100 Espoo, Finland, and Vladimir Joukov a citizen of 
Finland, residing at Topeliuksenkatu 32G8, 00290 Helsinki, Finland, have 
invented a new and useful "RECEPTOR UGAND", of which the following is a 
specification. 
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FIGURE 7 
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MetThxValLeuTyrProGluTyr 

GMCAGTTACGGTCTCTGTC 

10 30 50 

AAAATGTACAAGTGTC AGCTAAGGA^ C 

70 90 110 

A^riLeuAsriSerAxgT^GluGluTHrllaLycPboAl^laAl^isTyTAsnThrGlu 

AACCTCAACTCAAGGACAGAASAGACTATAAAAT^^ 

130 150 170 

TleLeuLysSerlleAspAsnCluTrpArgLyBTHrGlnCyBMetProArgGluValCys 

ATCTTGAAAAGTATTG ATAATGAGTGGAGAAAGACTCAATGC ATGC CACGGGAGGTGTGT 
190 210 230 

Il^soValGlyLyaGluPhoOlyValAlaThrAfln'ThrPhePheLysProProCysVal 

ATAGATCTGGGGAAGGAGTTTGGAGTCGCGACAAA^^ 

2S0 270 290 

^AirValT^AraCysGlyGlyCysCysAsnSerGluGlyLeuGlnCysMetAsnThrSer 

TC CC^CTACACATG^CGGG^ 

310 330 350 

ThrSerlVrLeuSerLysThrLeuPheGlulUThrValPlroLeuSerGlnGlyProLys 

ACGAG CTAC C^C AGC AAGACGTTATTTGAAATT AC AG TGC CTCTC TC TCAAGG CCC C AAA 

370 390 410 

ProValThrlleSerPheAlaAsnHisTlirSerCYsArgC^^^ 

CCAGTAAC^TCAGTT^CCAATCACACTTCCTG^ 

430 450 470 

TyrArgGlnValHisSerllell^aArgSerLeuProAlaTlirLeuProGl^^ln 

t£^acaagto:attcc^^ 

490 510 530 

AlaAlaAsnLysT^rCysProThrAsnTyrMotTrpAsnAsnHisIlQCysArgCysL^ 

q CGAAC AAG AC CTG C C C C AC GAATTAGATGTGGAATAATCACATCTGCAG ATG C CTG 

550 570 590 

AlaGlnGluAspPheMetPheSerSerAspAlaGlyAspAspSerTbrAs^lyP^Hrs 

GCTC AGGAAGATTTrTATGTTTTC CTCGGATGCTGGAGATGACTCAACAGATGGATTCCAT 

610 630 6 

AsDlleCvsGlyProAsnLysGluLeuAspGluGluThjrCysGlnCysValCysArgAla 

Stct^accL^caaggagc^ga 

GlyLeuArgProAUSerCysGlyProHisLysGluLeuAspArgAs^r^sCli^ 

730 750 770 

ValCyaLysA3nL.y*LeuPh C ProSerGlnCy 3 Gl^^ 

gtctgtaaaaacaaactcttccccagc c aatgtggggcc aaccgagaatttgatg aaaac 

810 83 0 

TlxrCysGlnCysValCysLysArgThrCysPr^ 

AC^T^^ C AGTGTGT ATGTAAAAGAAC C TGC C C C AGAAATCAAC C C CTAAATC CTGGAAAA 

850 870 89 

CvsAlaCysGluCysOl^rGluSorProGlnLyeC^BLeiiLeuLysGlyLysLysPb^Hia 

TGTG C C TGTGAATGTACAGJVAAGTC CAC AG AAATGCTTGTT AAAAGO AAAG AAGTTCC AC 

1030 10S0 IO 70 

MetSerEnd ^^^^^^rinT^^TATTATCKiAAAACTGTGTTG 

ATCiAUC U/AAVJrfY JT J. v» A***- ***** - 1 -> n 

1090 1110 H 3 ° 
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PA TENT APPLICA TION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Docket No: 2811 3/32863 

PATENT APPLICATION TRANSMITTAL 



Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Transmitted herewith for filing is the patent application of 
Inventor(s): Kari Alitalo and Vladomir Joukov 
Titie: "Receptor Ligand" 

1. Type of Application 

This new application is for a 

H utility patent. 
□ design patent. 

2. Application Papers Enclosed 

1 Title Page 

40 P3ges of Specification (excluding Claims, Abstract & Drawings) 

2 Pages of Claims 

1 Page of Abstract 

1 2 Sheets of Drawings (Figs. 1 to 1 2) 

□ Formal 

B Informal 



CERTIFICATION UNDER 37 CFR 1.10 

I hereby certify that this Patent Application Transmittal and the documents referred to as enclosed 
therewith are being deposited with the United States Postal Service on August 1 . 1 995. .n an envelope 
addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231 ut.l.z.ng the Express 
Mail Post Office to Addressee" service of the United States Postal Service under Mailing Label No, 
EG473138672US. 




Declaration or Oath 

□ Enclosed 

□ Executed by (check all applicable boxes) 
D Inventor(s) 

a Legal representative of inventor(s) 
(37 CFR 1 .42 or 1 .43) 

□ Joint inventor or person showing a proprietary interest on behalf of 
inventor who refused to sign or cannot be reached 
□ The petition required by 37 CFR 1 .47 and the statement required 
by 37 CFR 1 -47 are enclosed. See Item 5D below for fee. 

B Not enclosed - the undersigned attorney or agent is authorized to file this 
application on behalf of the applicants). An executed declaration w.ll follow. 

Additional Papers Enclosed 

a Preliminary Amendment 

□ Information Disclosure Statement 

□ Declaration of Biological Deposit 

El Computer readable copy of sequence listing containing nucleotide and/or amino 
acid sequence 

O Verified statement(s) claiming small entity status under 37 CFR 1.9 and 1.27 
D Associate Power of Attorney 

n Verified translation of a non-English patent application 
D An assignment of the invention 

□ Certified copy(ies) of application(s): 





APPLICATION NO. 


FILED 








| COUNTRY 













from which priority under 35 USC 1 19 is claimed □ is(are) attached. 

□ will follow. 



□ Other 



Filing Fee Calculation t37 CFR 1 .16) 
A. S Utility Application 



r* aim* AS FILED - INCLUDING PRELIMINARY AMENDN 


1ENT (IF ANY) 




SMALL ENTITY 


OTHER TH* 
EN- 


iH A SMALL 

rmr 




NO. FILED 


NO. EXTRA 


RATE 


FEE 


RATE 


FEE 


BASIC FEE 








$365.00 




$730.00 


TOTAL 


12 - 20 


= 0 


X 11 « 


$ 


X 22 - 


$ 


INDEP. 


3 - 3 


= 0 


X 38 = 


$ 


X 76 = 


$ 




utinn of MultlDle DepG 


ndent Ctaim 


+ 120 = 


$ 


+ 240 = 




Filing Fet 




$ 


OR 


$730.00 



B. ■ □ Design Application <$150.00/$300.00> Filing Fee: $ 

C. □ Plant Application ($245.00/$490.00> Filing Fee: $ 



D. Other Fees 

□ Recording Assignment fFee - $40.00 per assignment] 

D Petition fee for filing by other than all the inventors 

or person on behalf of the inventor where inventor refused 
to sign or cannot be reached (Fee - $130,001 



□ Other 

Total Fees Enclosed $730.00 



Method of Payment of Fees 

$ 730.00 

B Check in the amount of: 

$ 



D Charge Deposit Account No. 13-2855 in the amount of: 
A copy of this Transmittal is enclosed. 



□ Not enclosed 
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7. 



Deposit Account and Refund Authorization 



The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or 
any additional fees which may be required during the pendency of this application under 
37 CFR 1 .16 or 37 CFR 1.17 or under other applicable rules (except payment of issue fees), 
to Deposit Account No. 13-2855. A copy of this Transmittal is enclosed. 

Please refund any overpayment to Marshall, O'Toole, Gerstein, Murray & Borun at the address 
below. 

Please direct all future communications to Thomas C. Meyers, at the address below. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312) 474-6300 




August 1 , 1995 



DECLARATION . OR PATENT APPLICATION AND PO\ 



^7 Atty. Docket No: 28113/32863 
J^ATTORNEV 



As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below nex t U 
,o mv name- I believe that I am the original, first and sole inventor f.f only one name is listed below) or an ongmal, first and jomt 
nvTntor ^'p - names are listed betel) of the subject matter which is claimed and for which a patent ,s sough, on the tnvenUon 
enUtJed RECEPTOR LIG AND, " the specification of which (check one): □ » attach ed hereto; » ^ ^M. «Wf 
- App.ica.ion Sena. No. 08/5,0.133 and was amended ^ _ -^^cle lL 

as PCT International Apphc^oBNo. ^ ^ ^ ^ ^ ^ ^ contenb of me abovB . ldentified 

specification, inching th e Calms, as amended by any amendmen.(s) referred to above^ I f^^^ <° *sclose to the 
Patent and Trademark Office all information known to me to be matenal to patentability as defined in 37 C.F.R. §1 .56. t . 

I hereby claim foreign priority benefits under 35 U.S.C. $119 of any foreign applications) for patent or inventor's certificate 
I hereby claim lorcign pi y . . country other than the Un ted States of America listed below and 

or of any « »* PCT application^ 

UK! Unit^Suti of America filed by me on the same subject matter having a filing dat^ j 

before that of the application(s) of which priority is claimed: 





(Application Serial Number) (Country) 


(U&yi IYIUUU1/ i cor rucuj • — 

a 


(Application Serial dumber) Country) 


(bay/Month/Year Hied) Yes 


I hereby claim the benefit under 35 U.S.C. §1 19(e) of any 


United States provisional application(s) listed below: 


(Application Serml Number) 


(Day/Monlh/Year Filed) 


(Application Serial Number) 


(Day/Month/Year Filed) 
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37 CFR 1.56. DUTY OF D1SCLOSUH*. - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion) 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most 
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the 
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent application 
has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known 
to that individual to be material to patentability as defined in this section. The duty to disclose information exists with respect to each 
pending claim until the claim is canceled or withdrawn from consideration, or the application becomes abandoned. Information 
material to the patentability of a claim that is canceled or withdrawn from consideration need not be submitted if the information is 
not material to the patentability of any claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent was cited 
by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted 
on an application in connection with which fraud on the Office was practiced or attempted or the duty of disclosure was violated 
through bad faith or intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 
application believe any pending claim patentability defines, to make sure that any material information 
contained therein is disclosed to the Office. 

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR 
1.56(a). 

35 U.S. C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT 
A person shall be entitled to a patent unless — 

(a) the invention was known or used by others in this country, or patented or described in a printed publication 
in this or a foreign country, before the invention thereof by the applicant for patent, or 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use 
or on sale in this country, more than one year prior to the date of the application for patent in the United States, or 

(c) he has abandoned the invention, or 

(d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by the 
applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country on 
an application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United 
States, or 

(e) the invention was described in a patent granted on an application for patent by another filed in the United States 
before the invention thereof by the applicant for patent, or on an international application by another who has fulfilled the 
requirements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or 

(f) he did not himself invent the subject matter sought to be patented, or 

(g) before the applicant's invention thereof the invention was made in this country by another who had not 
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates 
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last 
to reduce to practice, from a time prior to conception by the other. 

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER 

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 
!02 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter 
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negative by the manner in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section 
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the 
lime the invention was made, owned by the same person or subject to an obligation of assignment to the same person. 

35 I/..V.C. 112. SPECIFICATION (Applicable Portion) 

The specification shall contain a written description of the invention, and of the manner and process of making and 
using it, in such full, clear, concise, and exact terms as 10 enable miy pciauu okill^J ir* the -rt iz v.'h:rh :t prrt^^f „ or w i r ^ wh«*h 
:s most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying 
out his invention. 
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TEAM 8 

INPUT SET: S6494.mw 



22 



This Raw Listing contains the General 
Information Section and up to the first 5 pages. 



2 

3 (i) General Information: 



SEQUENCE LISTING 




\ (i) APPLICANT: Alitalo, Kari 

Z Joukov, Vladomir 
6 

I (ii) TITLE OF INVENTION: Receptor Ligand 

10 (iii) NUMBER OF SEQUENCES: 33 

« (iv) CORRESPONDENCE A * D ^S: 0 'Toole Gerstein, Murray & Borun 

\\ IS! ^fSU^i'ioS.rwi SoutH Wacfcer Drive 

15 (C) CITY: Chicago - 

lfi (D) STATE: Illinois . 

]t ( E) COUNTRY: United States of America 

18 ( F) ZIP*. 60606-6402 

20 (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy dxslc 



(B) COMPUTER: IBM PC compatible 
C OPERATING SYSTEM: PC- DOS /MS -DOS 



5 6 (vi) CURRENT APPLICATION DATA: 

2 7 (A) APPLICATION NUMBER: 

28 (B) FILING DATE: 

29 (C) CLASSIFICATION: 



30 
31 

22 (A) NWlt : neyc«» rt „ _ 

33 (B) REGISTRATION NUMBER: ^6,989 

34 (C) REFERENCE/ DOCKET NUMBER: 28113/32863 

3S 
36 
37 

38 

39 (C) TELEX: 25-3856 

40 
41 
42 
43 
44 
45 
46 



(viii) ATTORNEY/ AGENT INFORMATION: 
(A) NAME: Meyers, Thomas C. 



<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX : 312/474-0448 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



RAW SEQU1 
PATENT AP] 




DATE: 10/04/95 
TIME: 11:46:34 



INPUT SET: S6494,raw 



(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
TGTCCTCGCT GTCCTTGTCT 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

( B ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCGACTGTGG CTCTGCCTGG 
GACTCCTGGA 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
ACATGCATGC CCCGCCGGTC ATCC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYVtlZ LW/V (yenuuiiC) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CGGAATTCCC CATGACCCCA AC 
(2) INFOItMATION FOR SEQ ID NO : 5 : 



PAGE - 3 RAW SEQUENCE LISTING DATE: 10/04/95 

PATENT APPLICATION US/08/S10,133 TIME: 11:46:37 

INPUT SET: S6494.mw 

100 

101 (i) SEQUENCE CHARACTERISTICS: 

102 (A) LENGTH: 33 base pairs 
10 3 (B) TYPE: nucleic acid - 

104 (C) STRANDEDNESS : single 

105 ( D ) TOPOLOGY: linear 
106 

107 (ii) MOLECULE TYPE: DNA (genomic) 
108 

10 9 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
110 

111 CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 33 
112 

113 (2) INFORMATION FOR SEQ ID NO: 6: 
114 

115 (i) SEQUENCE CHARACTERISTICS: 

116 (A) LENGTH: 17 base pairs 

117 (B) TYPE: nucleic acid 

118 (C) STRANDEDNESS: single 

119 (D) TOPOLOGY: linear 
120 

121 (ii) MOLECULE TYPE: DNA (genomic) 
122 

123 (xi) SEQUENCE DESCRIPTION: SEQ rD NO: 6: 
124 

125 ATTTAGGTGA CACTATA 

126 . 

127 (2) INFORMATION FOR SEQ ID NO: 7: 
128 

129 (i) SEQUENCE CHARACTERISTICS: 

130 (A) LENGTH: 34 base pairs 

131 (B) TYPE: nucleic acid 

132 (C) STRANDEDNESS: single 

133 (D) TOPOLOGY: linear 
134 

135 (ii) MOLECULE TYPE: DNA (genomic) 
136 

137 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

138 54 

139 CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT 



140 

141 (2) INFORMATION FOR SEQ ID NO: 8: 
142 

14 3 (i) SEQUENCE CHARACTERISTICS: 

144 (A) LENGTH: 40 amino acids 

145 (B) TYPE: amino acid 

14 6 (C) STRANDEDNESS: single 

147 (D) TOPOLOGY: linear 
148 

140 (ii) MOLECULE TYPE: protein 

151 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
152 



4> 



PAGE: 4 RAW SEQUENCE LISTING DATE: 10/04/95 

PATENT APPLICATION US/08/510,133 TIME: 1 1 :46:40 

INPUT SET: S6494.raw 

153 pro Met Thr Pro Thr Thr Tyr Lys Gly Ser Val Asp Asn Gin Thr Asp 

154 15 10 15 
155 

156 Ser Gly Met Val Leu Ala Ser Glu Glu Phe Glu Gin lie Glu Ser Arg 

157 20 25 30 
158 

159 His Arg Gin Glu Ser Gly Phe Arg 

160 35 40 
161 

16 2 (2) INFORMATION FOR SEQ ID NO: 9: 
163 

164 (i) SEQUENCE CHARACTERISTICS: 

165 (A) LENGTH: 21 base pairs 

166 (B) TYPE: nucleic acid 

167 (C) STRANDEDNESS : single 

168 ( D ) TOPOLOGY: linear 
169 

17 0 (ii) MOLECULE TYPE: DNA (genomic) 
171 

172 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

173 

174 CTGGAGTCGA CTTGGCGGAC T 21 
175 

17 6 (2) INFORMATION FOR SEQ ID NO: 10: 
177 

17 8 (i) SEQUENCE CHARACTERISTICS: 

179 (A) LENGTH: 60 base pairs 

180 <B> TYPE: nucleic acid 

181 <C) STRANDEDNESS: single 

182 ( D ) TOPOLOGY: linear 
183 

184 (ii) MOLECULE TYPE: DNA (genomic) 

185 

186 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

188 CGCGGATCCC TAGTGATGGT GATGGTGATG TCTACCTTCG ATCATGCTGC CCTTATCCTC 60 
189 

190 (2) INFORMATION FOR SEQ ID NO: 11: 
191 

192 (i) SEQUENCE CHARACTERISTICS: 

193 (A) LENGTH: 34 base pairs 

194 (B) TYPE: nucleic acid 

195 (C) STRANDEDNESS: single 

196 (D) TOPOLOGY: linear 
197 

198 (ii) MOLECULE TYHK: U«A ( genomic > 

199 

200 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

201 

202 CCCAAGCTTG GATCCAAGTG GCTACTCCAT GACC 34 
203 

20 4 (2) INFORMATION FOR SEQ ID NO: 12: 
205 



4> 



PAGE* 5 RAW SEQUENCE LISTING DATE: 10/04/95 

PATENT APPLICATION US/08/510, 133 TIME: 1 1 .46:44 

INPUT SET; S6494.raw 

206 <i) SEQUENCE CHARACTERISTICS: 

207 (A) LENGTH: 20 base pairs 

208 (B) TYPE: nucleic acid 
20 9 (C) STRANDEDNESS : single 
210 (D) TOPOLOGY: linear 
211 

212 (ii) MOLECULE TYPE: DNA (genomic) 
213 

214 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



GTTGCCTGTG ATGTGCACCA 20 



215 
216 
217 

218 (2) INFORMATION FOR SEQ ID NO: 13: 
219 

220 (i) SEQUENCE CHARACTERISTICS: 

221 (A) LENGTH: 18 amino acids 

222 (B) TYPE: amino acid 

22 3 (C) STRANDEDNESS: single 

224 (D) TOPOLOGY: linear 

225 

226 (ii) MOLECULE TYPE: peptide 

227 

22 8 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

229 

230 Xaa Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu lie 

231 15 10 15 
232 

233 Leu Lys 

234 

235 

2 36 (2) INFORMATION FOR SEQ ID NO: 14: 
237 

238 (i) SEQUENCE CHARACTERISTICS: 

239 (A) LENGTH: 17 base pairs 

240 (B) TYPE: nucleic acid 

241 (C) STRANDEDNESS: single 
24 2 (D) TOPOLOGY: linear 

243 

244 (ii) MOLECULE TYPE: DNA (genomic) 

245 

246 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

247 

248 GCAGARGARA CNATHAA 
249 

2 50 (2) INFORMATION FOR SEQ ID NO: 15: 
251 

252 (i) SEQUENCE CHARACTERISTICS: 

253 (A) LENGTH: S amino acids 

254 (B) TYPE: amino acid 

255 (C) STRANDEDNESS: single 

256 (D) TOPOLOGY: linear 
257 

258 (ii) MOLECULE TYPE: DNA (genomic) 
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I hereby certify that this 
paper is being deposited 
with the United States 
Postal Service as first 
class mail, postage 
prepaid, in an envelope 
addressed to: 
Commissioner of Patents 
and Trademarks , 
Washington, DC 20231 on 
this date: 
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Beyers 
Reg. No. 36,389 
Attorney for Applicants 



INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

In compliance with 37 C.F.R. §1.97 and the 
continuing duty of disclosure under 37 C.F.R. §1.56, the 
attached form PTO-1449 and the items of information cited 
therein are hereby submitted by Applicants for consideration . 
in connection with the above- identified patent application. 
This statement and the accompanying items of information, 
including form PTO-1449, are being submitted within three 
months of the filing of the above- identified patent 
application. Accordingly, it is submitted that no fee is due 
in this matter under 37 C.F.R. §1. 97(b)/ However, if it is 
determined that any appropriate fee is due, please charge 
Deposit Account No. 13-2855. A duplicate of this paper is 
enclosed. . 
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MARSHALL, O' TOOLE, GERSTEIN / 
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Title: Receptor Ligand 



TRANSMITTAL OF EXECUTED DECLARATION 



Assistant Commissioner for Patents 
Washington, D.C, 20231 

Attention: Appiication Branch 



Sir: 1 

Submitted herewith is an executed Declaration for filing in the above-identified 
application, in response to the Notice to File Missing Parts issued by the Patent and Trademark Office 
on November 20, 1995. 



CERTIFICATE OF MAILING 137 CFR 1 .8) 



I hereby certify that this paper and the documents referred to as enclosed therewith are being 
deposited with the United States Postal Service as first class mail, postage prepaid, on 
December 19, 1995 in an envelope addressed to Assistant Commissioner for Patents, Washington, 
D.C. 20231 . 



Also enclosed is a copy of the Notice together with our check in the amount of 
$ 1 30.00 in payment of the fee. 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed 
or any additional fees which may be required under 37 CFR 1.16 or 1.17 to Deposit Account No. 
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Please refund any overpayment to Marshall, OToole, Gerstein, Murray & Borun at the 

address below. 
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MARSHALL, O'TOOLE, GERSTEIN. 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 

Alitato et al. 

Serial No: 08/510,133 

Filed: August 1 , 1995 

Title: Receptor Ligand 

Group Art Unit: 1814 

Examiner: Lathrop, B. 



CERTIFICATE OF MAILING 
(37 CFR 1.8) 

I hereby certify that this paper and the 
documents referred to as enclosed therewith 
are being deposited with the United States 
Postal Service as first class mail, postage 
prepaid, on July 24, 1996, in an envelope 
addressed to the Assistant Commissioner for 
Patents, Washington, D.C. 20231 . 



David A. Gass 



PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Applicants hereby petition pursuant to 37 CFR 1.136(a) for a one 
month .extension of time. Attached is a check in the amount of $1 10.00 in 
payment of the petition fee. 

The Commissioner is hereby authorized to charge any deficiency in the 
amount enclosed or any additional fees which may be required during the pendency 
of this application under 37 CFR 1.16 or 37 CFR 1.17 to Deposit Account No. 
13-2855. A copy of this Petition is enclosed. 

Please refund any overpayment to Marshall, O'Toole, Gerstein, Murray 
& Borun at the address below. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 



Date: 




David A. Gass 

Reg. No: 38,153 

6300 Sears Tower 

233 South Wacker Drive 

Chicag , Illinois 60606-6402 

(312)474-6300 
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7. A telephone call was made to David Gass on 16 May 1996 to request an oral election 
to the above restriction, but the call did not result in an election being made. 

8. Any inquiry concerning this communication from the examiner should be directed to 
Brian Lathrop whose telephone number is (703) 305-5679. The examiner can normally be 
reached Monday through Friday from 8:30 AM to 5:00 PM. 

The examiner will attempt to respond to voice mail messages within 24 hours. 
Alternately, the examiners's supervisor, Robert A. Wax, can be reached at (703) 308-4216. 
The FAX number for Group 1814 is (703) 305-7401. 

Any inquiry of a general nature or relating to the status of this application should be 
directed to the Group receptionist whose telephone number is (703) 308-0196. 

Brian K. Lathrop, Ph.D. 
AU 1814 



/^ROBERT A. WAX 
MPERVISORY PATENT EXAMINER 
GROUP 180 



Serial Number: 08/510,133 
Art Unit: 1814 
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Part III DETAIKKD ACTION 

Election/Restriction 

I Restriction to one of the following inventions is required under 35 U.S.C. 121: 

Group 1 Claims 1 , 2, 8-10, and 12, drawn to an Flt4 ligand and a pharmaceutical 

composition comprising the same, classified in Class 514, subclass 2. 

Group II. Claims 3-7, drawn to nucleic acid encoding an Flt4 ligand, classified m 

Class 536, subclass 23.5. 1 * 

Group III. Claim II, drawn to an antibody reactive against an Flt4 ligand, classified 

in Class 530, subclass 387.*). 

The inventions are distinct, each from the other, because of the following reasons: 

-> The proicin of Group I is a patcntably distinct chemical species from the nucleic acid 
or Group II although related as the nucleic acid encodes the Flt4 ligand. The ligand can be 
made without recourse to the nucleic acid by standard methods of biochemical purification 
from tissues, and the nucleic acid has separate utility as a probe for detection of 
complementary genomic sequences, for example. 

3 The protein of Group I is a patentably distinct chemical species from the antibody of 
Group III although the antibody is directed to the Flt4 ligand. The ligand can be made 
without recourse to the antibody by standard methods of biochemical purification from 
tissues, and the antibody has a separate utility as a probe for screening an expression library, 
for example. 

4 The antibody of Group III is a patentably distinct chemical species from the nucleic 
acid of Group II, because the antibody can be raised to ligand purified without recourse to the 
nucleic acid, and the nucleic acid has separate utility as a probe for detection of 
complementary genomic sequences, for example. 

5 Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by their different classification, and because the search for 
each group of inventions is not coextensive with the searches of the inventions of the other 
groups, restriction for examination purposes as indicated is proper. 

Applicant is reminded that upon the cancellation of claims to a non-elected invention, 
me mven^i,,,, muai be a-.cr.ded ir. ™«™ with 37 C.F.R. § 1.48(b) if one or more of 
. the currently named inventors is no longer an inventor of at least one claim remaining in the 
application. Any amendment of inventorship must be accompanied by a diligently-filed 
petition under 37 C.F.R. § 1.48(b) and by the fee required under 37 C.F.R. § 1.17(h). 
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This is a communication from the examiner in charge ol your application. 
COMMISSIONER OF PATeNTS AND TRADEMARKS 



1814 
DATE MAILED: 



f H T: ir. ^plication has bean examined □ Responsive to communication filed on □ This action is made final. 

■ : Z'msfwiitowe-iQ ! toi* remorse *o>is action is set to expire month's). __5Q_ days from the date of this letter. 

r s Jtin: to r«j-.;;jond wiihin th . pr: od tor response will cause the application to become abandoned. 35 U.S.C. 133 

■ . r: t T - 1 ^OLLCV/ING HTTACHf/;ENT(S) ARE PART OF THIS ACTION: 

3 N-ace cf Fteten .-sees CitcC by Examiner, PTO-892. 2. □ Notice of Draftsman's Patent Drawing Review, PTO-948. 
?" □ Notice of Art Cil-id h> Applicant. PTO-1449. 4. □ Notice of Informal Patent Application, PTO-152. 
Z. -Zl In-cmation on . ow ;o EKect Drawing Changes. PTO-1474.. 6. ! — I 



Pr rt tl S'JMM AR f OF ACTION 

1 L— 1 Ca ns / - / are pending in the application. 

„ are withdrawn from consideration. 

Of the abovf!, claims — ■ — 

^ I — | . have been cancelled. 

2. 1 I Claims _ — 

3. □ Claims . : — ™ aB ° Wed - 

4. □ Claims ; — ^ reieCted " 

□ _, . are objected to. 
Claims ■ 1 

r rr-j . . . _ , — are subject to restriction or election requirement 

7. □ This application has been filad with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes. 

8. n Formal drawings «.re required in response to this Office action. 

9 □ The corrected or substitute drawing have been received on - Under 37 C.F.R. 1.84 these drawings 

are □ acceptable; D not acceptable (see explanation or Notice ol Draftsman's Patent Drawing Review, PTO-948). 

10. □ The proposed additional or substitute sheet(s) of drawings, filed on \ has (have) been D approved by the 

examiner: □ disapproved by the examiner (see explanation). 

The proposed drawing correction, filed has been D approved; □ disapproved (see explanation). 

1 2. □ Acknowledgement is made oi the claim for priority under 35 U.S.C. 1 1 9. The certified copy has □ been received □ not been received 

□ been filed in parent application, serial no. \ : fited on 

1 3. □ Since this application a pp pears to be In condition for allowance except for format matters, prosecution as to the merits Is dosed In 

accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 : 453 O.G. 213. 

1*.C] Other 



PTOL-32* (Rav. V92) 



EXAMINER'S ACTION 



111. The Applicants Elect Claims 1, 2, 8-10, and 12 (Group I) with traverse. 

In response to the restriction requirement, the Applicants hereby el ct 
Group I (claims 1, 2, 8-10 f and 12), with traverse. 



Respectfully submitted, 

MARSHALL, 0T00LE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312) 474-6300 
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inventions. 1 *) No such burden has be n alleged in the Office action. 1 In fact, 
removal of the restriction requirement will conserve the resources of the Patent and 
Trademark Office and the Applicants, by minimizing the number of similar searches 
performed by the Patent Office examiners and by reducing the filing fees and 
prosecution costs of the Applicants. 

For example, the Patent Office has acknowledged a relationship 
between a protein and the nucleic acids which encode it. When conducting a 
thorough prior art search for the purified and isolated polypeptide of the invention 
(Group I), the Patent Office will undoubtedly wish to search the art related to 
nucleic acids (Group II) which encode proteins, due to the universal nature of th 
genetic code. Moreover, because it is a common practice in the art to report 
nucleic acid and deduced amino acid sequences simultaneously, these arts are 
highly co-extensive. The burden on the Patent Office in searching both the nucleic 
acid and amino acid arts, if any, will not be serious. 

Similarly, it is a common practice in the art to characterize antibodies 
with reference to the antigen which the antibodies recognize. Therefore, when 
conducting a thorough prior art search related to the antibody claim 1 1 (Group 111), 
the Patent Office will undoubtedly search the art related to proteins, i.e., the art 
that it will search for the claims of Group I. 

Thus, a thorough examination of the claims in any particular group will 
involve a search of the art pertinent to the subject matter of the claims of the other 
groups. Hence, no serious burden will result if restriction is not required in this 
case. However, if the restriction requirement is maintained, the Applicants will 
incur additional prosecution costs associated with filing and prosecuting divisional 
applications, and the Patent and Trademark Office will be required to perform a 
duplicative search of the same prior art. Thus, withdrawal of the restriction 
requirement will conserve the resources of the Patent and Trademark Office and f 
the Applicants without causing a serious burden on the Patent and Trademark 
Office. 

For these reasons, the restriction requirement imposed in the Office 
action should be withdrawn. 



1 The different Patent and Trademark Office classifications of the claims in 
Groups I. II, and III are not an indication of independence or distinction under §121. 
Nor are the classifications an indication that an undue burden exists on the 
Examin r. Such classifications merely serve as a convenient search tool. 
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design, operation or effect . . . ." See M.P.E.P. §802.01 (emphasis added). In the 
restriction requirement, the Patent Office has acknowledged that the allegedly 
distinct three groups of claims are related. For example, the Patent Office states 
that the "protein of Group I" and "the nucleic acid of Group II" are "related as the 
nucleic acid encodes the Flt4 ligand." (Restriction Requirement at p. 2.) Thus, a 
nucleic acid which encodes a protein is connected in operation and effect to the 
encoded protein. The lack of "independence" between Groups I and II also is 
manifest from the claims themselves. For example, claims 3-7 of Group II depend 
from claim 2 of Group I. Because the claims of Groups I and II are related, the 
subject matters of the two groups are not "independent" as required by 35 U.S.C. 
5121, and the restriction requirement was improper as between these two groups 
of claims. 

Similarly, the claim of Group III, "drawn to an antibody," is not 
-independent" of the claims of Group I, "drawn to an Flt4 ligand." For example, an 
antibody to a protein is connected to the protein in design, operation, and effect 
because one skilled in the art uses the protein (or portions thereof) as an antigen to 
generate the antibody. The antibody, in turn, reacts immunologically with the 
protein with a great degree of specificity. Because the claims of Groups I and III 
are related, the groups are not "independent." 

For the reasons stated above, the Examiner has not demonstrated that 
the divided Groups of claims are "independent" from each other as required by 35 
U.S.C. §121. Thus, the Examiner has failed to meet the burden for imposing a 
restriction requirement. 

II The restriction requirement should be withdrawn because the Examiner has 
not demonstrated a serious burden will result if restriction is not required, 
and because withdrawal will conserve resources of the Patent and 
Trademark Office and the Applicants. 

Assuming arguendo that the claims as grouped by the Examiner are 
-independent" and "distinct." the restriction requirement is nonetheless improper, 
because the Examiner has failed to demonstrate that "a serious burden" will result 
if restriction is not required. See M.P.E.P. §803 ("If the search and examination of 
an entire application can be made without serious burden, the examiner must 
examine it on the merits, even though it includes claims to distinct or independent 
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Examiner: Lathrop, B. 
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Commissioner for Patents 
Washington, D.C. 20231, on thi 
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David A. Gass 



PI FfrriON WITH TRAVERSE IN RESPONSE T O RESTRICTION REQUIREMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

In an official communication dated May 23, 1996, the U.S. Patent and 
Trademark Office issued a restriction requirement in the above-identified patent 
application, and set a 30 day period for response. This response to the restriction 
requirement has been timely filed with a petition for one month extension of time 
and petition fee. Reconsideration of the restriction requirement is respectfully 
requested in light of the following remarks. 



I. The restriction requirement should be withdrawn because the Examiner has 
not demonstrated that the "independent and distinct" provisions of 35 
U.S.C. §121 have been satisfied. 

The Examiner has required restriction of the claims of the application 
for examination purposes, citing 35 U.S.C. §121. The Applicants traverse the 
restriction requirement. Reconsideration is requested. 

The provisions of 35 U.S.C. §121 state, "If two or more independent 
and distinct inventions are claimed in one application, the Commissioner may 
require the application to be restricted to one of the inventions." (Emphasis 
added.) The Examiner has failed to demonstrate or assert that the claims divided 
into Groups I, II, and III are "independent" from each other. 

According to the Patent Office's own procedure manual, "The term 
'independent' (i.e., not dependent) means that there is n disclos d relati nship 
between the two or more subjects disclosed, that is, they are unconnected in 
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David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

The Applicants respectfully request entry of this Preliminary 
Amendment prior to examination of the above-identified application on the merits 
by the Patent and Trademark Office. ^ 

AMENDMENTS 

In the Specification : 

At page 1, line 2, please insert tfe following priority claim: 



« This application is a continuation-in-parj/of U.S. Patent Application Serial No. 
08/340,011, filed November 14, 1994. v 



At page 26, line 10, please delete "pFLT4" and substitute therefor - 



pFlt4-L- 



At page 26, line 1 2. please delete 



and substitute 



Froa:0808 



In the claims : 

Please amend claims 1-4, 6, 8-9, and 12. and add new claims 13-19 
as shown below: _ 



1. (Amended) A purified and isolated polypeptide [peptide] which 
specifically binds to the Flt4 receptor tyrosine kinase. 



2. (Amended) A purified arioNisplated polypeptide comprising an 
[peptide having the] amino acid sequence shftwn in SEQ ID NO: 33. 



3. (Amended) A purified and isolated nucleic acid encoding the 
purifed and isolated polypeptide [peptide] according to claim 2. 

4. (Amended) The nucleic\acid according to claim 3 having [the] 
a nucleotide sequence shown in SEQ ID NO: 32. 



, 'c 6. (Amended) The vectorSaccording to claim 5, wherein said vector is 

plasmid [pFlt4] pFlt4-L . deposited as ATCC accession No. 97231 . 



8. (Amended) A fragment of the purified and isolated [peptide] 
polypeptide according to claim 2 which is capable of specifically binding to an Flt4 
receptor tyrosine kinase. 



9. (Amended) The fragment according to claim 8 having an apparent 
molecular weight of apprpximatelv 23 kD as assessed by SDS-PAGE under 
reducing conditions. 



nu. u 1 UJ r. 3 

From: 0808 * 



12. (Amended) A PharmaceuticaTcc^o^ 
polypeptide acc rding to claim 2 in a pharmaceutically-acceptable diluent, adj 



ej 

uvant. 



or carrier. 



-13. A polypeptide according to claim 1 h4ving an apparent 
molecular weight of approximately 23 kD asT3e>sed L SDS^PAGE under 
reducing conditions. 



14. A polypeptide according to claim 13 which is capable of 



stimulating Flt4 phosphorylation in mammalian cells expressing Flt4 



receptor 



tyrosine kinase. 



15. A purified and isolated-^pebfade according to claim 14, said 
polypeptide comprising an amino acid sequln^set forth in SEQ ID NO: 13. 

1 6. A purified and isoNated polypeptide according to claim 1 3, 

^wherein amino terminal amino acidAthrough 18 of said polypeptide have 

amino acid sequence corresponding to\amino acids 2 through 18 set forth 
ID NO: 13. 



an 



in SEQ 



1 7. A purified and isolated polypeptide according to claim 1 . said 
polypeptide being purifyable from conditioned media from a PC-3 prostatic 
adenocarcinoma cell line, said cell line having ATCC CRL No. 1435. 



claim 1. 



18. A conditioned medium comprising a 



polypeptide according to 
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19. A p lypeptide accord^ toyfciaim 1 further comprising a 
detectable label. - 




REMARKS 

The specification has been amended herein to claim priority from an 
earlier-filed U.S. application. This amendment is accompanied by a supplemental 
inventors' declaration which acknowledges this priority claim. 

The specification has been amended at page 26 to make reference t 
a Budapest Treaty biological deposit of a vector of the invention that is described 
at p. 26, lines 5-8. Such an amendment does not constitute new matter. See In re 
Lundak, 773 F.2d 1216, 1223, 227 U.S.P.Q. 90, 96 (Fed. Cir. 1985). Claim 6 has 
been similarly amended to claim this vector. 

The amendment to claim 9 finds support throughout the specification, 
including at p. 18, lines 26-30. 

New claims 13-18 find support throughout the specification, including 

in Example 5, and particularly at p. 18. line 16, to p. 19. line 19. 

Respectfully submitted, 

MARSHALL, O'TOOLE. GERSTEIN, 
MURRAY & BORUIM 



Dated: A»yn\ M f M * ^X^S & 

David A. Gass 
Registration No. 38,153 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 



- 4- 



\53/ 



UNITED STATL. DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C. 20231 



APPLICATION NUMBER 



FIRST NAMED APPLICANT 



ATTORNEY DOCKET NO. 



. 1 o/32S63 



PAPER NUMBER 



DATE MAILED: 



t ) 



09/1 0/96 



This is a communication from the examiner in charge of your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 



OFFICE ACTION SUMMARY 



IZ! Responsive to communication(s) filed on . 
G This action is FINAL. 

□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed in 
accordance with the practice under Ex parte Quayle, 1935 D.C. 1 1 ; 453 O.G. 213. 



A shortened statutory period for response to this action is set to expire_ 



. month(s), ox-tbiriy-days, 



whichever is longer, from the mailing date of this communication. . Failure to respond within the period for response will cause 
the application^ become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR 
1.136(a). 



Disposition of Claims 

!>> Claim(s) \ — > ^ 



. is/are pending in the application. 



Of the above, claim(s) SIS 

b*i Claimfs) - . » "3- 



E ciaim(s) ) . y-iC*. i 3rl 



_ is/are withdrawn from consideration. 

is/are allowed. 

is/are rejected. 



(2 Claim(s) iS^ V t 
C\ Claims 



. is/are objected to. 



. are subject to restriction or election requirement. 



Application Papers 

□ Sen the attached Notice ol Draftsperson's Patent Drawing Review, PTO-948. 

I ; Ttvj d rawing (s) filed on is/are objected to by the Examiner. 

L J The proposed drawing correction, filed on is Q approved GJ disapproved. 

O The specification is objected to by the Examiner. 
iZj The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. § 119 

Q Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d). 
O All □ Some* □ None of the CERTIFIED copies of the priority documents have been 
LJ received. 

lj received in Application No. (Series Code/Serial Number) . 



I i received in this national stage application from the International Bureau (PCT Rule 1 7.2(a)). 
'Certified copies not received: 



T. ! Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 
Attachmont(s) 

IX. 1 Nnrico nt PMoronnr* CAteci. PTO-892 

M Information Disclosure Statement(s). PTO-1449. Paper No(s). 57" 

i i Interview Summary, PTO-4 13 

' i Notice of Draftsperson's Patent Drawing Review. PTO-948 

L..; Notice of Informal Patent Application, PTO-152 



- SEE O-p^p action ON THE FOLLOWING PAGES - 



PTOf -326 (nov. 10/95 J 
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Part 111 DETAILED ACTION 



Election/Restriction 



I, Applicant's election with traverse of Group I (claims 1, 2, 8-10, and 12) in Paper No. 9 is 
acknowledged. The traversal is on the grounds that ( 1 ) the Restriction Requirement has not 
demonstrated that the inventions satisfy the "independent and distinct" provision of 35 U.S.C. § 
121 (2) the Restriction Requirement has not demonstrated burden, and (3) withdrawal of the 
requirement for restriction will conserve resources of the Office and applicant. This is not found 
persuasive because of the following reasons: 

(1) This Action respectfully refers to M.P.E.P. § 802.01, which states: 

The law has long-been established that dependent inventions . . . maybe properly divided 
if they are, in fact, "distinct" inventions, even though dependent. 

Further elaboration of "distinct" is provided in M.P.E.P. § 802.01 . The Requirement for 
Restriction has correctly defined the distinctness of the inventions as required by 35 U.S.C. § 121 
for the reasons made of record in Paper No. 9. Restriction would be improper if prior art reading 
on one invention would make the other obvious. Prior art anticipating a protein does not 
necessarily render the encoding DNA obvious because of the redundancy of the genetic code 
(M.P.E.P. § 2144.09, p. 104). Prior art anticipating a protein does not necessarily make the 
antibody obvious, because motivation must be present in the prior art to obtain that antibody 
(M.P.E.P. § 2143.01), and because antibodies may be of different varieties, which has raised 
different issues regarding obviousness in the case law. 

(2) In reference to M.P.E.P. § 803, this Action respectfully refers to M.P.E.P. § 808.02, 
wherein it states that prima facie burden is correctly established by demonstration of separate 
classification. A thorough search of the relevant prior art in both electronic databases and in the 
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patent files is fundamental in establishing patentability and underlies Ms prima facie showing of 
burden. Prior art searches on proteins, nucleic acids, or antibodies must address separate issues 
of patentability in each case. 

(3) This Action, while cognizant of the financial resources expended on prosecution, 
respectfully submits that consideration of monetary burden on Office or applicant is not 
recognized as a ground for establishing a burden to examine or a lack thereof 

The requirement is still deemed proper and is therefore made FINAL. 

-> Claims 3 4 6 (each amended), 5, 7, and 1 1 are withdrawn from further consideration by 
The examiner, 37 C.F.R. § 1. 142(b), as being drawn to non-elected inventions, the requirement 
having been traversed in Paper No. 9. 

3 This application contains claims 3, 4, 6 (each amended), 5, 7, and 1 1 drawn to inventions 
non-elected with traverse in Paper No. 9. A complete response to the final rejection must include 
cancellation of non-elected claims or other appropriate action (37 C.F.R. § 1.144; M.P.E.P. 
§821.01). 

4 Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 
inventorship must be amended in compliance with 37 C.F.R. § 1.48(b) if one or more of the 
currently named inventors is no longer an inventor of at least one claim remaining in the 
application. Any amendment of inventorship must be accompanied by a diligently^ftled petition 
under 37 C.F.R. § 1 .48(b) and by the fee required under 37 C.F.R. § 1 .17(h). 

5. Pursuant to the Preliminary Amendment in Paper No. 10, claims 1 (amended), 2 

(amended), 8 (amended), 9 (amended), 10, 12 (amended), and newly added claims 13-19 are 

pending in the instant application. 
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Priority 

6. If the filing date of an application to which priority is claimed under 35 U.S.C. § 120 is 
needed to overcome an intervening reference, there is a need for the Office to make a 
determination as to whether the requirement of 35 U.S.C, § 120, that the earlier application 
discloses the invention of the second application in the manner provided by the first paragraph of 
35 U.S.C. 112, is met and whether a substantial portion of all of the earlier application is repeated 
in the second application in a continuation-in-part situation (M.P.E.P. § 201.08). 

Factors to be considered in determining whether a disclosure meets the enablement 

requirement of 35 U.S.C. §112, first paragraph, have been clarified in Ex parte Forman, 230 

USPQ 540 (BPAl 1986). As summarized in fix parte Formati. the following considerations are 

relevant to the analysis of enablement for the claimed invention of an Flt4 ligand in application 

Serial No. 08/34001 1 . First, the instant specification teaches at p. 7, Hne38 through p.8, line 1, 

that the Fit receptor may prove useful in obtaining a ligand that binds to it, but no such method is 

taught. There are no other teachings of the ligand. Second, no working examples are given that 

teach a ligand to the receptor. Third, the skilled artisan at the time of the instant invention had no 

means of predicting which compounds would be ligands for the receptor, the requisite degree of 

affinity for specific binding to the receptor was unknown and could not be predicted, and success 

in using the receptor to obtain the ligand could not be predicted. Additionally, the specification 

does not teach that the expressed receptor is functionally active* and the skilled artisan cannot 

predict the success of any method of obtaining a ligand to a recpetor that is not biologically 

active. Thus, undue experimentation would be required to make the instant ligand. 

Consequently, no claims arc afforded priority to application Serial No. 08/34001 1. 
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Oatlt/Dcclaration 

7. The oath or declaration is defective. A new oath or declaration in compliance with 37 
C.F.R. § 1 67(a) identifying this application by its Serial Number and filing date is required. See 
M.P.E.P. §§ 602.01 and 602.02. 

The oath or declaration is defective because: 

It does not state that the person making the oath or declaration in a continuation-in-part 
application filed under the conditions specified in 35 U.S.C. § 120 which discloses and claims 
subject matter in addition to that disclosed in the prior copending application, acknowledges the 
duty to disclose material information as defined in 37 C.F.R. § 1.56(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of the 
continuation-in-part application. 

The Examiner notes that the supplemental declaration was to be included in Paper No. 10, 

but was either misplaced or omitted during transmittal. 



Drawings 

8. This application has been filed with informal drawings which are acceptable for 
examination purposes only. Pursuant to a change in Office policy effective 25 April 1996, formal 
drawings will be required at the time allowable subject matter is first indicated. 

Please note the Examiner incorrectly submitted the PTO 948 to the Draftman for review. 
Review will be appropriate upon submission of formal drawings; the PTO 948 will not be 
attached to the Office action in Paper No. 1 1 . 



Specification 

9. The disclosure is objected to because of the following informalities: 3' deletions of the FU4 
ligand are taught at p. 27, line24, but deletions occurring at the end of a protein are preferrably 
termed "C -terminal" or "carboxy terminal " deletions. "3"' is preferred for describing nucleic acids 
only. Appropriate correction is required. 

10. The lengthy specification has not been checked to the extent necessary to determine the 
presence or all possible minor errors. Applicant's cuupciailOu is requested ;r. correcting zr.y 
errors of which applicant may become aware in the specification. 
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Claim Objections 



1 1 . Claim 17 is objected to under 37 C.F.R. § 1.75(c) for not further limiting the subject 
matter of claim 1. 

Specifically, the instant claim does not recite further structural limitations to the 
polypeptide of claim 1 ; the particular source of the polypeptide is de minimus. 

1 2. Claim 1 4 is objected to under 37 C.F.R. § 1 -75(c) for not further limiting the subject 
matter of claim 13. 

Claim 14 recites the functional limitation of stimulating FU4 phosphorylation, which is a 
functional limitation not enabled by the teachings of the specification (M.P.E.P. § 2173.05(g)). 
The specification teaches a polypeptide of 23 kD that stimulates FIt4 phosphorylation at Figure 5. 
The specification does not teach necessary or sufficient structures of the 23 kD protein that 
promote phosphorylation, nor could the skilled artisan have predicted what these structures would 
be from the state of the art at the time of the invention. Claim 14 does not further limit claim 13, 
because the limitation of promoting phosphorylation in the instant claim does not further limit the 
structure of the polypeptide of claim 13. 

Claim Rejections - 35 USC §112 

13 Claims 1 and 8, and dependent claims 9, 10, 13-19 are rejected under 35 U.S.C § 1 12, 
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 

The term "specifically" in claims 1 and 8 is a relative term which renders the claim 
indefinite. The term "specifically" is not defined by the claim, the specification does not provide a 
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standard for ascertaining the requisite degree, and one of ordinary skill in the art would not be 
reasonably apprised of the scope of the invention. 

The art can define high affinity and non-specific binding to receptors; however, the instant 
inventions encompasses numerous polypeptides which would be expected to have affinities for the 
receptor anywhere between high affinity to non-specific binding. Intermediate affinities are not. 
definable without a standard of affinity for "specific" binding, and hence it is impossible to 
determine whether such compounds would be included within the bounds of the claims. 



14 Claim 10 is rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

The claim is presumably drawn to a polypeptide but refers to SEQ ID NO:32, which is a 

nucleic acid sequence. 

Furthermore, the term "approximately" in claim 10 is a relative term which renders the 
claim indefinite. The term "approximately" is not defined by the claim, the specification does not 
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the art would 
not be reasonably apprised of the scope of the invention. 

In the instant case, it is not clear whether "approximately" is used in reference to the 

length or the composition of the polypeptide. In both cases the bounds of the claim cannot be 

determined without a standard of reference. It is not clear, for example, whether the claim 

encompasses polypeptides larger than the first 180 amino acids such as the precursor to the 

oroteinofSEQ IDNO:32. 
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1 5. Claims 8-10 are rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

Specifically, fragments of a polypeptide comprising SEQ ID NO:33 are claimed. As such, 
the fragments must consist of at least the amino acids of SEQ ID NO:33. It is unclear whether 
this is the intented meaning, because the fragments of claims 9 and 10, for example, appear to 
encompass only part of SEQ ID NO:33. 

16. Claims 1, 13-15 and dependent claims 17-19 are rejected under 35 U.S.C. § 1 12, first 
paragraph, because the specification, while being enabling for the scope of claim 16, does not 
reasonably enable the range of polypeptides encompassed in the instant claims. The specification 
does not enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make the invention commensurate in scope with these claims. 

Factors to be considered in determining whether a disclosure meets the enablement 

requirement of 35 U.S.C. § 1 12, first paragraph, have been clarified in Ex parte Forman y 230 

USPQ 546 (BPAI 1986). As summarized in Ex parte Forman, the following considerations are 

relevant to the analysis of enablement for the instantly claimed invention. First, the specification 

teaches at Example 5 a purified polypeptide having an apparent molecular weight of 

approximately 23 kD and an N-terminal sequence consisting of SEQ ID NO:l 3. No other 

polypeptides which specifically bind the FU4 receptor arc taught. Second, claim 1 encompasses 

all proteins that may interact with the FH4 receptor, and claim 13 encompasses all 23 kD 

fragments of any portion of all of these polypeptides. Claim 1 5 encompasses all 23 kD 

polypeptides comprising I he 17 mniho ncidsof SKQ ID NO: 13 which may be present at any 

region of these polypeptides. This claim encompasses about 34 polypeptides from the protein of 
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SEQ ID NO:33, because the position of SEQ ID NO: 1 3 relative to the N-terminal residue is not 
specified Third, the skilled artisan would predict that some proteins which would bind the Flt4 
receptor would be growth factors. It was known that many different growth factors were found 
in PC-3 conditioned medium as taught by Sitaras et al., for example. A vast number of additional 
polypeptides might interect with the receptor, even if the interaction was relatively weak. The 
skilled artisan could not predict which of this vast number of polypeptides, or 23 kD fragments 
thereof, would bind the Flt4 receptor or stimulate its tyrosine kinase activity, because the 
secondary structures required for interacting with the receptor were unknown and the structures 
of most of the proteins that may interact with the receptor were unknown. As Ferrara et al. teach 
at column 29, lines 29-32, even endothelial growth factors of the same size may have widely 
different structures and potentcies. Thus, the skilled artisan would not predict that any protein 
charaterized to no other extent than having an apparent molecular weight of 23 kD would bind 
the receptor. Fourth, a vast amount of experimentation would be required to make and test all the 
encompassed polypeptides of the instant invention. Fifth, the skilled artisan could not predict 
which of the approximately 34 polypeptides of claim 15 would bind the receptor, because these 
polypeptides would have different secondary structures determined by their different 
compositions, and the structures required for interacting with the receptor were unknown. For 
the reasons set forth above, an undue amount of experimentation would be required to make the 
claimed invention. 



4? 
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1 7. Claims 8 and 9 are rejected under 35 U.S.C. § 1 12, first paragraph, because the 
specification, while being enabling for the scope of claim 10, does not reasonably enable the range 
of polypeptides encompassed in the instant claims. The specification does not enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to make the 
invention commensurate in scope with these claims. 

As summarized in Ilx parte Forman, the following considerations are relevant to the 
analysis of enablement for the instantly claimed invention. First, claim 8 encompasses fragments 
of all sizes from all locations of the protien of SEQ ID NO:33, and claim 9 encompasses all of 
these same fragments having an apparent molecular weight of 23 kD. Second, the specification 
teaches at Example 5 a purified polypeptide having an apparent molecular weight of 
approximately 23 kD and an N-terminal sequence consisting of SEQ ID NO: 13. The specification 
also teaches at Example 1 1 that a fragment having amino acids 1-180 of SEQ ID NO:33 may bind 
the receptor. Third, the skilled artisan could not predict which of the vast number of polypeptides 
encompassed by the claims would bind the Flt4 receptor, because the secondary structures 
required for interacting with the receptor were unknown and the secondary structures of any of 
the fragments of the claimed polypeptide were unknown. As Ferrara et al. teach at column 29, 
lines 29-32, even endothelial growth factors of the same size may have widely different structures 
and potentcies. Thus, the skilled artisan would not predict that any fragment of the protein 
comprising SEQ ID NO:33 would bind the receptor solely because it's 23 kD in size. Fourth, a 
vast amount of experimentation would be required to make all the encompassed fragments and 
test their ability to bind the receptor. Thus, an undue amount of experimentation would be 
required to make and use the claimed invention. 
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Claim Rejections - 35 USC § 102 

1 8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. § 102 that form 
the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in 
a printed publication in this or a foreign country, before the invention thereof by the 
applicant for a patent. 

(b) the invention was patented or described in a printed publication in this or a foreign 
country or in public use or on sale in this country, more than one year prior to the date of 
application for patent in the United States. 

19. Claim 1 is rejected under 35 U.S.C. § 102(a) as being anticipated by Pajusola et al. 
Pajusola et al. teach at p. 3550, column 1, a purified polypeptide, colony stimulating 

factor- 1 (CSF-1), which binds a CSF-1 receptor/Flt4 fusion protein. An inherent property of the 
fusion protein is the Flt4 receptor tyrosine kinase. Pajusola et al. thus anticipate claim 1. 

20. Claim 18 is rejected under 35 U.S.C. § 102(b) as being anticipated by Sitaras et al. 
Sitaras et al., the whole document, teach a conditioned medium, thus anticipating the 

claimed invention. Because this conditioned medium is from PC-3 prostatic adenocarcinoma 
cells, it has the inherent property of comprising the polypeptide of claim L 
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Allowable Subject Matter 

2 1 . Claims 2 and 12 are allowable over the prior art of record. 

22. The following is an Examiner's statement of reasons for the indication of allowable subject 
matter: 

Tischer et al. motivate the discovery of vascular endothelial growth factors at Background 
of the Invention for the advantageous result of pharmaceutical compositions for promoting wound 
healing. Galland et al, however, teach at p. 1238, column 2, that the physiological role of the 
Flt4 receptor was unknown at the time of the invention, complicating the search for a specific 
ligand. Fournier et al ., herein cited as evidence of the state of the art at the time of the invention, 
further teach at p. 921 , column 2, that a specific ligand for Flt4 receptor had not been identified at 
the time of the invention and that known vascular endothelial growth factors did not specifically 
bind Flt4 receptor. Human Genome Sciences, Inc. published the sequence of a Flt4 receptor 
ligand with greater than 99 percent identity to the instant ligand, but the date of publication does 
not antecede the filing date of the instant application. The ligand of Human Genome Sciences, 
Inc was purifed using expressed sequence tags without identification as encoding a vascular 
endothelial growth factor; therefore, one of ordinary skill in the art at the time of the invention 
would not have been motivated to use these art-known sequences to arrive at the instant 
invention. 
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23. Claims 8- 1 0 would be allowable if rewritten to overcome the rejection under 35 U.S.C. § 
1 12 and to include all of the limitations of the base claim and any intervening claims. 



Conclusion 

24 Any inquiry concerning this communication from the examiner should be directed to Brian 
Lathrop whose telephone number is (703) 305-5679. The examiner can normally be reached 
Monday through Friday from 8:30 AM to 5:00 PM. 

The examiner will attempt to respond to voice mail messages within 24 hours. 
Alternately, the examiner's supervisor, Robert A. Wax, can be reached at (703) 308-4216. The 
FAX number for Group 1814 is (703) 305-7401 . 

Any inquiry of a general nature or relating to ***** * 

directed to the Group receptionist whose telephone number is (703) 308-0196. 

Brian K. Lathrop, Ph.D. 
AU1814 
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37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion) 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most 
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the 
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent application 
has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known 
to that individual to be material to patentability as defined in this section. The duty to disclose information exists with respect to each 
pending claim until the claim is canceled or withdrawn from consideration, or the application becomes abandoned. Information 
material to the patentability of a claim that is canceled or withdrawn from consideration need not be submitted if the information is 
not material to the patentability of any claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent was cited 
by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted 
on an application in connection with which fraud on the Office was practiced or attempted or the duty of disclosure was violated 
through bad faith or intentional misconduct. The Office encourages applicants to carefully examine: 

<I) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent 

application believe any pending claim patentability defines, to make sure that any material information 

contained therein is disclosed to the Office. 

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR 

1.56(a). 

35 U.S.C 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT 
A person shall be entitled to a patent unless -- 

(a) the invention was known or used by others in this country, or patented or described in a printed publication 
in this or a foreign country, before the invention thereof by the applicant for patent, or 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use 
or on sale in this country, more than one year prior to the date of the application for patent in the United States, or 

(c) he has abandoned the invention, or 

(d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by the 
applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country on 
an application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United 
States, or 

(e) the invention was described in a patent granted on an application for patent by another filed in the United States 
before the invention thereof by the applicant for patent, or on an international application by another who" has fulfilled the 
requirements of paragraph (1). (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or 

(0 he did not himself invent the subject matter sought to be patented, or 

(g) before the applicant's invention thereof the invention was made in this country by another who had not 
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates 
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last 
to reduce to practice, from a time prior to conception by the other. 

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER 

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter 
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negative by the manner in which the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under subsection (0 or (g) of section 
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the 
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person. 

35 U.S.C 112. SPECIFICATION (Applicable Portion) ' 

The specification shall contain a written description of the invention, and of the manner and process of making and 
using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying 
out his invention. 
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I hereby certify that this paper is 
being deposited with the United 
States Postal Service with sufficient 
postage as first class mail in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C., 20231 on this 
date: 

Date: February 10, 1997 

David A. Gass 
Registration No. 38,153 
Attorney for Applicants 

REQUEST FOR AMENDMENT OF DRAWING 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Attn: Official Draftsman 



Appiicant(s): Alitalo et al. 
SerlarNo: 08/510,133 
Filed: August 1, 1995 
Title: RECEPTOR LIGAND 
Group Art Unit: 1814 
Examiner: Lathrop, B. 



Dear Sir: 

The Applicants respectfully request entry of an amendment to Figure 
10 of the above-identified application. Three copies of Amended Figure 10 are 
attached hereto. Also attached is a copy of Figure 10 as filed, marked in red ink 
to show the amendments thereto. 

Amended Figure 10 differs from Figure 10 as originally filed only in 
that two "N" residues have been underlined in amended Figure 10. The two 
underlined "N" residues conform to art-recognized glycosylation sequences (i.e.. 



Asn-X-Ser or Asn-X-Thr). Support for this amendment is found at page 26, lines 
21-24, in the specification. Entry of this amendment is requested to improve 
conformity between the drawing and the specification as filed. 

Respectfully submitted, 

MARSHALL. O'TOOLE, GERSTEIN, 
MURRAY & BORUN 




David A. Gass 
Registration No. 38,153 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 

Chicag, Illinois 
February 10, 1997 
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Appltcant(s): ) Title: RECEPTOR L1GAND 
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Alitalo et al. ) 

) Group Art Unit: 1814 
Serial No: 08/510,133 ) 

) Examiner: Lathrop, B. 
Filed: August 1, 1995 ) 

) 

AMENDMENT TRANSMITTAL WITH 
PETITION FOR EXTENSION OF TIME 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Transmitted herewith for filing in the above-identified application are the following: 

1. Amendment and Reply Pursuant to 37 C.F.R. 5 51.111 and 1.1 15; 

2. Information Disclosure Statement, Including Form PTO-1449 and copies of 
documents B1-B5 and C14- CI 10; 

3. Check for $390.00 in payment of fee for Two Months Extension of Time; 
A. Check for $226.00 in payment of fee for extra claims; 

5. Check for $230.00 in payment of fee or consideration of IDS; 

6. Copy of Inventors" Declaration; and 

7. Request for Amendment of Drawing, including amended Figure 1 0 and copy 
of Figure 10 as filed, marked to show amendments. 



CERTIFICATE OF MAILING (37 CFR 1.8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being 
(l».|i(isiif?rf wiih the Unrtnd States Postal Service as first class mail, postage prepaid, on February 10, 
f!)')/. hi .in . nv.:l .iildicssctl in the Assistant Cnniinissioncr fur PaUnils. Washington, D.C. 

:'(>;':ti 



David A. Gass 



Small Entity Status 

□ Verified statement(s) claiming small entity status istare) attached. 

□ Small entity status has been established and is still effective. 
E Has not been established. 

Extension of Time 

a This is a petition for an extension of time under 37 CFR 1 .1 36 for the total number 
of months checked below: 



EXTENSION 
(Months) 


FEE FOR LARGE ENTITY 


FEE FO 


Ft SMALL ENTITY 


One Month 




$1 10.00 




$55.00 


Two Months 


X 


$390.00 




$195.00 


Three Months 




$930.00 




$465.00 


Four Months 




$1 ,470.00 




$735.00 



If an additional Extension of Time is required, please consider this a petition therefor. 

Extension Fee: $ 390.00 



An extension for_ 



month(s) 



has already been secured and the fee 

paid therefor of $ ,s 

deducted from the total fee due for the 
total months of extension now 
requested. 



Deduction: $ 



Extension Fee Due With This Request $ 



2 



3. 



Fee for Claims 

The fee for additional claims 1(37 CFR 1.16(b>-(d)] has been calculated as shown below: 





SMA 


LL ENTITY 


OTHEI 
SMAL 


* THAN A 
L ENTITY 




Claim!: 
Remaining 

After 
Amendment 


Highest No. 
Previously Paid For 


Present 
Extra 


Rate 


Additional 
Fee 


Rate 


Additional 
Fee 


TOTAL 


23 


MINUS 


20 


= 3 


X1 1 = 




X22 = 


$ 66.00 


!NDEP. 


5 


MINUS 


3 


= 2 


X40 = 




X80- 


$160.00 


t i 


hl:.l f'..::.i:nl.iH.. 


i ill Mullip 


U: D'tintftdrtnl Claim 


1 130:= 




+ 260 = 




TOTAL ADDITIONAL FEE 




OR 


S226.00 



4. Method of Payment of Fees 



B Attached is a check in the amount of: 



□ Charge Deposit Account No. 1 3-2855 

in the amount of: * 

A copy of this Transmittal is enclosed. 

Deposit Account mid Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed 
or any additional fees which may be required during the pendency of this application under 
37 CFR 1.16 or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is 
enclosed. 

Please refund any overpayment to Marshall, O'Toole, Gerstein, Murray & Borun at the 
address below. 



Respectfully submitted, 

MARSHALL. O'TOOLE, GERSTEIN. 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago. Illinois 60606-6402 

(312) 474-6300 
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By: 



... 



David A. 
RtjfJ. No: 



Gass 
38.153 
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Title: RECEPTOR LIGAND 
Group Art Unit: 1814 



Examiner: Lathrop, B. 



. hereby certify that this paper is 
being deposited with the United 
States Postal Service with sufficient 
postage as first class mail in an 
envelope addressed to: Assistant 
Commissioner for Patents, 
Washington, D.C., 20231 on this 
date: 

Date: February 10, 1997 



David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



AMENDMENT AND REPLY PURSUANT TO 37 C.F.R. IS 1.111 AND 1.115 



Assistant. Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

In an Office action mailed September 10. 1 996, the Patent Office 
allowed claims 2 and 12, but rejected claims 1. 8-10. and 13-19 variously under 
35 U.S.C. §§ 102(a), 102(b), and 112, first and second paragraphs. The 
Applicants respectfully request reconsideration in light of the following 
amendments and remarks. 



AMENDMENTS 

In the specification : 

At page 3, line 30, after "ingrowth stage" please insert a period - 



At page 6, line 19, please delete "election" and substitute therefor 

- electron --. 

At pages 12, lines 9, 10, and 19, please delete "ug" and in each 
instance substitute therefor — jjq --. 

At page 13, line 22, please delete "S68203" and substitute 
therefor X68203 --. 

At page 17, line 14, please delete "recombinant-produced" and 
substitute therefor - recombinantly-produced --. 

At page 19, line 2, after "lanes 8 and 9" please insert — in Figure 6 

At page 19, line 27, please delete "ug" (both instances), and in 
. . each instance substitute therefor - jjq 

At page 20, line 11, and page 21, line 17, please delete "ug" and 
in each instance substitute therefor — jjq --. 

At page 21, line 16, please delete "design" and substitute therefor 
designed --. 

At page 24, line 11, please delete "SxSSPE" and substitute 
therefor - 5x SSPE --. 



At page 24, line 12, please delete "1xSSC" and substitute therefor 

-- 1x SSC --. 

At page 25, line 22, please delete "used". In the same line, please 
dcleic "and to" and substitute therefor -- and used to --. 

At page 26, line 2, please delete "ul" and substitute therefor -- pi « 



At page 26, line 24, please delete "marked" and substitute therefor 
— underlined --. 

Ai page 26, line 28, please delete "BRF3" and substitute therefor - 

BRP3 ». 

At page 27, line 25, please delete "COOH-terminal" and substitute 
therefor -- carboxy-termina! 

At page 27, line 28, please delete "asd" and substitute therefor - 

as 

At page 28, line 29, please delete "42C" and substitute therefor - 

42°C ». 

At page 29, line 3, please delete "52C" and substitute therefor -- 

52"C --. 

j \ . ■ At page 28, line 4, please delete H 70C" and substitute therefor -- 

70"C 
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In the drawing : 

Please delete Figure 10 and substitute therefor amended Figure 10 
filed herewith. 



In the claims : 

Please cancel claims 10 and 18; amend claims 1. 8, 9, 14. and 17; 
and add new claims 20-25 as shown below: 

1 . (Twice amendettwypurified and isolated polypeptide [which 
specifically binds] r^ble of b\L)L with h i g h affinity to the extracellular 
domain of Flt4 receptor tyrosini/Winase. 

' 8. (Twice amendebO A polypeptide capable of binding to an Rt4 
rpcentor tvrnsine kinase. «*iri nn ^oeo t i de c o mprising a portion of SEQ ID NO: 
. 33 Pffoctive to permit such bindinW ragment of the purified and isolated 
polypeptide according to claim 2 wh\ch is capable of specifically binding to an 
Flt4 receptor tyrosine kinase]. 

9. (Twice amendedl^^rAgment] A polypeptide according to 
claim 8 having an apparent molecullr^Jight of approximately 23 kD as 
assessed by SDS-PAGE under reducing Conditions. ^ 

14. (Amended) A purified and isolated polypeptide [according to 
claim 13] which is capable of hiAdinn L Flt4 receptor tyrosine kinase and 
stimulating Ht4 phosphorylation ?p jttmmalian cells expressing Flt4 receptor 

tyrosine kinase. - I 

17. (Amended) \purified and isolated polypeptide according to 
claim 1, said polypeptide being tfurifyable from conditioned media from a PC-3 
prostatic adenocarcinoma cell lirteYsaid cell line having ATCC CRL No. 1435 x 
usina an affinity purification proc e dure wherein the affinity purification matrix 



comprises a polypeptide comprising the extrac ellular domain of Flt4 receptor 
tyrosine kinase . 



- 20. A polypeptide according tc/claim 8 which is capable of 
binding the extracellular domain of Flt4 recfeptor tyrosine kinase with high 
affinity and stimulating Flt4 phosphorylation in mammalian cells expressing Flt4 
receptor tyrosine kinase. 

21. A polypeptide According to claim 8 further comprising a 
detectable label. 

,^ tl P 22. A pharmaceutical composition comprising a polypeptide 

~'' ; / according to claim 8 in a pharmaceuttcally-acceptable diluent, adjuvant, or 
L , / carrier. 

23. A polypeptide acco/ding to claim 14 having an apparent 
molecular weight of approximately £3 kD as assessed by SDS-PAGE under 
reducing conditions. 

24. A polypefDtide/Bccording to claim 14 comprising a portion of 
SEQ ID NO: 33 effective W pe/mit binding to Flt4 receptor tyrosine kinase and 
stimulation of Flt4 phosphory/ation in mammalian cells expressing Flt4 receptor 
tyrosine kinase. 

25. A pharmaceutic^ composition comprising a polypeptide 
-' according to claim 14 in a pharmareutically-acceptable diluent, adjuvant, or 

carrier. — \ 
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REMARKS 

I. History of claims and explanation of amendments. 

The application as filed contained twelve claims. In a preliminary 
amendment (Paper No. 10) dated August 12, 1996, claims 1-4, 6, 8-9, and 12 
were amended, and claims 13-19 were added to the application. In the present 
amendment, the Applicants cancel claims 10 and 18; amend claims 1, 8, 9, 14, 
and 17; and add new claims 20-25. Thus, claims 1-9, 11-17, and 19-25 are 
pending. Claims 3-7 and 1 1 have been withdrawn from consideration as being 
drawn to a non-elected invention. 

All of the amendments herein find support in the application as 
originally filed. Most of the amendments to the specification correct obvious 
typographical and grammatical errors and the like, as requested by the Patent 
Office in paragraph 10 of the Office action. Support for the amendment at page 
13, line 22, is found in the specification at page 13, line 18. Support for the 
amendment at page 19, line 2, is found in the specification at page 18, lines 16- 
24, for example. 

Amended Figure 10 differs from Figure 10 as originally filed only in 
that two "N" residues have been underlined in amended Figure 10. The two 
underlined "N" residues conform to art-recognized N-linked glycosylation 
sequences (i.e., Asn-X-Ser or Asn-X-Thr). Support for this amendment is found 
at page 26, lines 2 1-24- in the specification.. A separate letter requesting 
amendment of the drawing has been filed herewith. 

The amendments to claim 1 find support in Example 5 (e.g., at p. 
17, lines 13-15); at p. 4, line 6; and elsewhere throughout the specification. 

The amendments to claim 8 and 14, which formerly depended fr m 
claims 2 and 1 , find support in claims 2 and 1 as originally filed, as well as 
elsewhere throughout the specification. 

The amendments to claim 17 find support in Example 5 (e.g., at p. 
17, lines 13-15) and elsewhere throughout the specification. 

The Applicants do not intend by these or any other amendments to 
abandon the subject matter of any claim as originally filed or later amended, and 
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reserve the right to claim such subject matter in other applications, such as 
continuations, continuations-in-part, and divisional applications. 

II. The Patent Office's basis for maintaining the restriction requirement is 
inconsistent with the patent statutes. 

In paragraphs 1 and 2 of the Office action, the Patent Office 
maintained the Restriction Requirement first imposed in the Office Action mailed 
May 29, 1996, citing as support various provisions of the M.P.E.P, including 
§802.01 . The Applicants respectfully submit that, to the extent that the 
statutory provisions of 35 U.S.C. §121 ("independent and distinct") are 
inconsistent with the M.P.E.P. provisions cited by the Examiner ("may properly 
be divided if . . . 'distinct' inventions, even though dependent"), it is the 
statutory provisions which are controlling, because statutory provisions have the 
force of law. "The Manual does not have the force of law or the force of the 
Patent Rules of Practice in Title 37 Code of Federal Regulations." {See Forward 
to M.P.E.P., 6th Ed., Rev. 2, July, 1996.) Because the asserted basis for 
maintaining the. restriction requirement is contrary to the plain language of the 
governing patent statute, reconsideration and withdrawal of the restriction 
requirement is respectfully requested. 

III. The requirement that non-elected claims be canceled is premature. 

In paragraph 3 of the Office action, the Patent Office required 

cancellation of non-elected claims or other appropriate action: 

This application contains claims 3, 4, 6 (each 
amended), 5, 7, and 11 drawn to inventions non-elected 
with traverse in Paper No. 9. A complete response to the 
final rejection must include cancellation of non-elected 
claims or other appropriate action (37 C.F.R. §1.144; 
M.P.E.P. §821.01). 

(Office action at p. 3.) 

The Applicants respectfully submit that the outstanding Office action is the first 
Office action on the merits and is not a "final rejection. " Only the restriction 
requirement has been made final. Accoramgiy, ihe r^ui. c.T.er.t the: the 
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withdrawn claims be canceled, as part of a "complete response to the final 
rejection," is premature. 

IV Several claims in the application are entitled to priority based on U.S. 
Patent Application Serial No. 08/340,011, when one considers the 
entirety of the '011 application, including the preliminary amendment 
thereto. 

In paragraph 6 of the Office action the Patent Office asserted that 
■'no claims are afforded priority to application Serial No. 08/340011" (hereinafter 
"the '011 application"). (Office action at p. 4.) The Applicants respectfully 
traverse, because several claims in the application are entitled to priority based 
on the '01 1 application, when one considers the entirety of the '01 1 
application, including the preliminary amendment thereto. 

A The '01 1 priority application contains numerous teachings related 
to an Flt4 ligand that the Patent Office failed to consider in its 
priority determination. 



The '01 1 application was a Rule 62 continuation-in-part of an 
earlier application, and was filed with a preliminary amendment containing a 
disclosure of an Flt4 ligand. (See preliminary amendment to the '01 1 
application dated November 14, 1994.) The Patent Office's stated rationale for 
Us determination that the '01 1 application affords no priority to the present 
application cites only pages 7-8 of the '011 application, suggesting that the 
more pertinent preliminary amendment was never considered. 

Examples 1 2-17 in the '01 1 application all were introduced in the 
preliminary amendment portion thereof, and all are highly pertinent to the claim 
of priority in the present application. For example. Example 12 in the '011 
application teaches that a conditioned media from the PC-3 prostatic 
adenocarcinoma cell line (ATCC CRL 1435) is capable stimulating Flt4 
autophosphorylation in NIH3t3 cells expressing Flt4. Example 1 2 further 
teaches that a "flow-through fraction" of concentrated conditioned medium (i.e. 
the fraction containing proteins of less than 10,000 molecular weight) was not 
responsible for stimulating the Flt4 phosphorylation, and that pretreatment of 
the conditioned, medium with Flt4 extracellular domain (coupled to CNBr- 
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activated Sepharose) is capable of removing the component responsible for 
stimulating Flt4. (Preliminary amendment to '011 application at p. 11.) 
Based on the experimental results reported in Example 12, the '01 1 application 
states. "These data prove that PC-3 cells produce soluble ligand for FLT4. The 
above experiments prove that the ligand binds to the recombinant FLT4 EC 
domain. Thus, that ligand can be purified using the recombinant FLT4 EC 
domain in affinity chromatography. The purified protein can be electrophoresed 
in SDS-PAGE. blotted onto polyvinylidene difluoride (PVDF) membranes and its 
amino terminal sequence can be determined by methods standard in the art." 
(Preliminary amendment to '011 application at p. 11.) Thereafter. Example 12 
contains teachings as to the determination of peptide sequences of the purified 
ligand and identification and cloning of a cDNA encoding the ligand. 

- Example 1 5 in the '01 1 application is directed to "Purification and 
sequencing of the Flt4 ligand." (Preliminary amendment to '01 1 application at 
p. 15.) Example 15 teaches that the PC-3 conditioned medium is concentrated 
and loaded onto a column of immobilized Flt4 extracellular domain. One 
Gmbodiment taught in Example 1 5 is an affinity matrix comprising the Flt4 
extracellular domain cross-linked to CNBr-activated Sepharose, i.e., the same 
affinity matrix employed in Example 5 in the present application. Example 15 in 
the 01 1 application teaches that chromatographic fractions are tested for the 
ability to stimulate tyrosine phosphorylation of Flt4, as was done in Example 5 
of the present application. Thus. Example 15 in the '011 priority document 
teaches an affinity purification procedure for purifying a Flt4 ligand of the 
invention. 

Example 1 5 in the '01 1 application further directs, "The purified 
biologically active ligand protein is microsequenced and the degenerate 
oligonucleotides are made based on the amino acid sequence obtained." 
(Preliminary amendment to '011 application at p. 15.) Example 1 6 of the '011 
application is directed to constructing a cDNA library from PC-3 cells, to be 
screened for a cDNA encoding the Flt4 ligand. (Compare Example 6 in the 
present application.) Example 17 in the '011 application provides procedures 
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for screening the cDNA library using, e.g., oligonucleotide probes generated 
based upon the peptide sequences of purified Flt4 ligand. 

Significantly, the '01 1 application also contained claims to an Flt4 
ligand and to methods of using an Flt4 ligand. (See preliminary amendment to 
'01 1 application at pp. 18-19.) Uses for an Flt4 ligand that are taught in the 
'01 1 application include use for the detection of Flt4 {increased FIt4 expression 
being observable in metastatic lymph nodes and lymphangiomas); use for 
regulating the growth and functions of certain endothelial cells, especially 
lymphatic endothelia; and use for assaying for inhibitors. (See, e.g., Preliminary 
Amendment to '011 application at pp. 6-7 and 19.) Thus, when one considers 
the entirety of the '011 application, including its preliminary amendment, one 
finds abundant §112, first paragraph, support for a purified Flt4 ligand as 
claimed in the present application. 

. B. Several claims in the present application are properly afforded 

priority to the '011 application, 

Referring to the present application, claim 1 is directed to "A 
purified and isolated polypeptide capable of binding with high affinity to the 
extracellular domain of Flt4 receptor tyrosine kinase." As explained in detail in 
subpart A, above, the '011 application teaches how to make and to use such a 
polypeptide. Accordingly, claim 1 is afforded priority by the '01 1 application. 

Claim 13 depends from claim T and contains the limitation that the 
polypeptide have "an apparent molecular weight of approximately 23 kD as 
assessed by SDS-PAGE under reducing conditions." The approximate 23 kD 
molecular weight is an inherent property of the Flt4 ligand that the '01 1 
application teaches one how to purify from the PC-3 conditioned medium. As 
such, the inclusion of this property in the present application and in claim 13 
does not deprive claim 13 of being afforded priority to the '01 1 application. See 
Therma-Tru Corp. v. Peachtree Doors inc., 33 U.S.P.Q.2d 1274, 1276, 44 F.3d 
988 (Fed. Cir. 1995) ("A claim in a CIP application is entitled to the filing date 
of ihc parent application when the claimed invention is described in the parent 
specification in a manner that satisfies, inter alia, the description requirement of 
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35 U.S.C. §112.... [T]he later explicit description of an inherent property 
does not deprive the product of the benefit of the filing date of the earlier 
application."); see also Application of Davies, 177 U.S.P.Q. 381 , 385, 475 F.2d 
667, 671-72 (C.C.P.A. 1973) f[W]e see no impediment to the present 
applicants' refiling their application and incorporating a discussion of the 
allegedly unobvious properties [of the invention] while retaining the effective 
date of the application involved here through §120.") 

Claim 16 depends from claim 13 and recites that "amino terminal 
amino acids 2 through 18 of said polypeptide have an amino acid sequence 
corresponding to amino acids 2 through 18 set forth in SEQ ID NO: 13." The 
recited amino acid sequence is an inherent property of the Fit4 ligand that the 
'01 1 application teaches one how to purify from PC-3 conditioned medium. 1 
As such, the inclusion of this property in the present application and in claim 16 
docs not deprive claim 1 6 of being afforded priority to the '01 1 application. See 
Therma-Tru Corp. v. Peachtree Doors Inc., and Application of Davies. supra. 

Claim 17 depends from claim 1 and requires that the polypeptide 
be purifyable from PC-3 conditioned media (PC-3 cell line ATCC CRL No.. 1435) 
using an affinity purification procedure wherein the affinity purification matrix 
comprises a polypeptide comprising the extracellular domain of Flt4 receptor 
tyrosine kinase. As explained in detail in subpart A, above, the '011 application 
teaches in detail the procedure recited in claim 17 for purification of such a 
polypeptide. Accordingly, claim 17 is afforded priority by the *011 application. 

Claim 19 depends from claim 1 and requires a detectable label. 
Deieciably labeled Flt4 ligands were specifically contemplated as an aspect f 
the *011 application. (See e.g.. Preliminary Amendment to '011 application at 
pp. 18-19 (claims 33-35).) Accordingly, claim 19 is afforded priority by the 
'01 1 application. 

Independent claim 14 of the present application recites, "A purified 
and isolated polypeptide which is capable of binding to Flt4 receptor tyrosine 



• Moreover, tne 01 1 <» M p;;cat;or. tccchcs thHt the *™no terminal amino 
acid sequence should be determined. (See Preliminary Amendment to '011 
application at p.. 15 (Example 15).) 

- 11 - 



i 



kinase and stimulating F!t4 phosphorylation in mammalian cells expressing Flt4 
receptor tyrosine kinase. As explained in part A, above, the '01 1 application 
teaches how to make and use such a polypeptide. Accordingly, claim 14 is 
afforded priority by the '01 1 application. Claim 23, which depends from claim 
14 and contains a molecular weight limitation {"approximately 23 kD"), is 
afforded priority to the '01 1 application for the reasons described above for 
claim 1 3. 

As the foregoing discussion of the '01 1 preliminary amendment 
indicates, several claims in the present application, including at least claims 1 f 
13, 14, 16, 17, and 19, are entitled to priority from the '011 application. The 
Applicants respectfully request appropriate correction of the Patent Office's 
priority determination in the next action on the merits in the present application. 

V. A copy of the Inventors' supplemental declaration has been filed 
herewith. 

In paragraph 7 of the Office action, the Examiner indicated that the 
supplemental inventor's declaration filed with the Preliminary Amendment dated 
August 12, 1996, was misplaced or omitted during transmittal. A copy of the 
supplemental inventor's declaration is filed herewith to complete the Patent 
Office's file. 

VI. The Applicants will file formal drawings upon receipt of a notice of 
allowability. 

In paragraph 8 of the Office action the Patent Office suggests that, 
"Pursuant to a change in Office policy effective 25 April 1996, forma/ drawings 
will be required at the time allowable subject matter is first indicated. m 
Notwithstanding the foregoing, and the fact that claims 2 and 12 in the 
application have been allowed, the Applicants submit that formal drawings are 
not required until issuance of a Notice of Allowability, i.e., until the application 
is allowed. See 37 C.F.R. §1.85 and M.P.E.P. §608. 02(b). In a telephone 
interview between the Examiner and the undersigned attorney, which the 
Applicants acknowledge with thanks, the Examiner confirmed that formal 
drawings were not required in response to the outstanding Office action. 
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VII. The objection to the terminology at page 27, line 24, should be 
withdrawn. 

In paragraph 9 of the Office action, the Examiner asserted that less 
than preferable terminology was employed at page 27, line 24, of the 
specification: 

The disclosure is objected to because of the following 
informalities: 3' deletions of the Fit4 ligand are taught at p. 
27, Iine24, but deletions occurring at the end of a protein 
are preferably termed "C-Terminal" or "carboxy terminal" 
deletions. "3"' is preferred for describing nucleic acids only. 
Appropriate correction is required. 

(Office action at p. 5.) 

The applicants respectfully submit that page 27, lines 24-26, refer to 
"progressive 3' deletions in the 3' coding sequences of the Flt4 ligand precursor 
clone, resulting in COOH-terminal truncations of its protein product." Thus, the 
specification uses the phrase^'3' deletions" to describe alteration of a nucleic 
acid encoding a protein, and use the phrase "COOH-terminal truncations" for 
describing deletions at the end of the protein encoded thereby. In the present 
amendment, the Applicants have deleted "COOH-terminal" and substituted 
therefor the "carboxy-terminal" language preferred by the Patent Office. 
Accordingly, the specification is in conformity with the preferred language noted 
by the Patent Office, and the objection thereto should be withdrawn. 

VIII. The objection to claim 17 should be withdrawn because claim 17 
provides further limitation to claim 1 from which it depends. 

In paragraph 1 1 of the outstanding Office action, the Patent Office 
objected to claim 17, asserting that claim 17 failed to further limit claim 1 from 
which claim 17 depends: 

Claim 17 is objected to under 37 C.F.R. § 1.75(c) for 
not further limiting the subject matter of claim 1 . 

Specifically, the instant claim does not recite further 
structural limitations to the polypeptide of claim 1 ; the 
particular source of the polypeptide is de minimus [sic], 

(Offinp anion at 6.) 

The Applicants respectfully traverse. 
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Claim 17 recites, "A purified and isolated polypeptide according to 
claim 1 f said polypeptide being purify able from conditioned media from a PC- 3 
prostatic adenocarcinoma ceii line, said cell line having ATCC CRL No. 1435, 
using an affinity purification procedure wherein the affinity purification matrix 
comprises a polypeptide comprising the extracellular domain of Flt4 receptor 
tyrosine kinase . Thus, whereas claim 1 is directed to any purified and isolated 
polypeptide that is capable of binding with high affinity to the extracellular 
domain of Flt4 receptor tyrosine kinase, claim 17 further requires that the 
polypeptide be purifyable from a conditioned media from a particular cell line. 
The Applicants respectfully submit that not every polypeptide that satisfies the 
requirements of claim 1 is also purifyable from conditioned media of the 
particular cell line recited in claim 17. Thus, the limitation as to source carries 
with it inherent structural limitations: the structure of the Flt4 ligand 
polypeptides that are isolatable from PC-3 medium. Since claim 17 further limits 
claim 1 , the objection thereto should be withdrawn. 

IX. The objection to claim 14 has been rendered moot. 

In paragraph 12 of the Office action, the Examiner objected to 
claim 14 under 37 C.F.R. §1.1 75(c), asserting that the claim failed to limit the 
subject matter of claim 13. (Office action at p. 6.) Claim 14 has been amended 
herein to read as an independent claim. Accordingly, the Patent Office's 
objection is rendered moot, and should be withdrawn. 

In its objection, the Patent Office also made assertions concerning 
the issue of enabling disclosure: 

Claim 14 recites the functional limitation of 
stimulating Flt4 phosphorylation, which is a functional 
limitation not enabled by the teachings of the specification 
(M.P.E.P. §2173. 05(g)). The specification teaches a 
polypeptide of 23 kD that stimulates Flt4 phosphorylation at 
Figure 5. The specification does not teach necessary or 
sufficient structures of the 23 kD protein that promote 
phosphorylation, nor could the skilled artisan have predicted 
what these structures would be from the state of the art at 
tlx* lime of tin: invention. 

(Office action at p. 6.) 
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The Applicants respectfully traverse. 

As recognized by the Patent Office, "The specification teaches a 
polypeptide of 23 kD that stimulates Flt4 phosphorylation." Thus, the Patent 
Office acknowledges that the specification contains a working example of a 
polypeptide meeting the "capable of stimulating Flt4 phosphorylation" limitation 
of claim 14. 

Additionally, the specification teaches in vitro assays useful for 
screening polypeptides for their ability to stimulate Flt4 phosphorylation. (See, 
e.g., Example 4 (pp. 15-17) of the specification. The teaching of an Flt4 
phosphorylation assay serves to precisely define the metes and bounds of claim 
14, making the functional language perfectly acceptable. See M.P.E.P. 
$21 73.05(g). As outlined in the remarks below (see Parts XI and XII) 
concerning the issue of enabling disclosure, the specification satisfies the 
enabling disclosure requirements of the patent statute by virtue of its teachings 
relating to Flt4 ligands, coupled with its teachings relating to screening assays 
involving Flt4 protein (or the extracellular domain thereof). Accordingly, the 
Applicants respectfully request withdrawal of the Patent Office's remarks 
relating to non-enablement. 

X. The rejections of claims 1 and 8-10 under 35 U.S.C. §112, second 
paragraph, as being indefinite should be withdrawn. 

In paragraphs 13-15 of the Office action, the Patent Office rejected 
claims 1 and 8-10. asserting that these claims were indefinite. Claims 9-10 and 
13 i u also wuro rejected because ol their dependence from claims 1 and/or 8. 
As set forth below, the foregoing amendments to the claims render all of these 
icjcciions moot. 

A. The r ejection of claims 1 and 8 should be withdrawn. 

In paragraph 13, the Patent Office rejected claims 1 and 8, 

asserting that the term "specifically" therein rendered the claims indefinite: 

The term "specifically" in claims 1 and 8 is a relative 
term which renders the clnim indefinite. The term 
":.|iin:ilii:;illy" is not delimit! by the cliiini, the speciliciition 
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does not provide a standard for ascertaining the requisite 
degree, and one of ordinary skill in the art would not be 
reasonably apprised of the scope of the invention. 

The art can define high affinity and non-specific 
binding to receptors; however, the instant inventions 
encompasses numerous polypeptides which would be 
expected to have affinities for the receptor anywhere 
between high affinity to non-specific binding. Intermediate 
affinities are not definable without a standard of affinity for 
"specific*' binding, and hence it is impossible to determine 
whether such compounds would be included within the 
bounds of the claims. 

(Office action at pp. 6-7.) 

Contrary to the Patent Office's assertions, one skilled in the art 
understands from the specification that "specific" binding is an indication of 
high affinity binding. For example, Example 5 teaches that an approximately 23 
kD polypeptide is isolatable from PC-3 conditioned medium via affinity 
chromatography, using the Flt4 extracellular domain in the affinity matrix. This 
polypeptide was found only in chromatographic fractions associated with Flt4 
stimulating activity. All other components in the chromatographic fractions 
containing stimulatory activity were also distributed in the starting material and 
in small amounts in other washing and elution steps. "Similar results were 
obtained in three independent affinity purifications, indicating that the 23 kD 
polypeptide specifically binds to Flt4." (Specification at p. 19, lines 6-8.) Thus, 
the specification provides an indication that the ability to affinity purify is a 
measure of specific binding. The specification also provides the guidance that 
the isoforms of VEGF "do not show specific binding to Flt4." (Specification at 
p. 4, lines 24-25.) 

The Patent Office's own rejection is evidence that "specific" 
binding is understood to be an indication of high affinity binding. For example, 
the Patent Office asserts, "The art can define high affinity and non-specific 
binding to receptors." (Office action at p. 7.) Here, the Patent Office 
acknowledges that the art can define "high affinity binding" to receptors and 
can define its antithesis, "non-specific binding to receptors." Implicit in the 
l\iit:nt Oflicc's own reasoning ir» an undorsinnding that "specific/' binding is high 
.illiniiy lmnlm<|, which Wui .ill can tlcluio. Ilms, llio Ollictj iiction itsull 



- 16 - 



demonstrates that the indefiniteness objection to the phrase "specifically binds" 
is without merit. 

Notwithstanding the foregoing, the Applicants have adopted the 
Patent Office's suggested language and have amended claim 1 herein to recite, 
"A purified and isolated polypeptide capable of binding with high affinity to the 
extracellular domain of Flt4 receptor tyrosine kinase." The adoption of the "high 
affinity" language - which was suggested by the Patent Office and which "the 
art can define" - renders the rejection of claim 1 moot. 

The amendments set forth herein also render the objection moot 
with respect to claim 8. Claim 8 has been amended to recite, "A polypeptide 
capable of binding to an Flt4 receptor tyrosine kinase, said polypeptide 
comprising a portion of SEQ ID NO: 33 effective to permit such binding." Thus, 
claim 8 requires binding to Flt4 and requires that the polypeptide comprise a 
portion of SEQ ID NO: 33 effective to permit such binding. Because claim 8 no 
longer recites "specifically binds," the rejection based upon indefiniteness is 
rendered moot. 

B. The rejection of claim 10 has been rendered moot. 

In paragraph 14 of the Official action, the Patent Office rejected 
claim 10, asserting that the term "approximately" in claim 10 rendered the claim 
indefinite. (Office action at p. 7.) Claim 10 has been canceled herein without 
prejudice, rendering this rejection moot. 

C. The rejection of claims 8-10 relating to the term "fragments" has 
been rendered moot. 

In paragraph 1 5 of the Office action, the Patent Office rejected 
claims 8-10, asserting that the claims were indefinite: 

Claims 8-10 are rejected under 35 U.S.C. §112, 
second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Specifically, fragments of a polypeptide comprising 

*->r*/~*. i i-a m/^-oo — ~ »i^; M a^4 A r- cm ( /«H tho franmontQ mi i<5t 

consist of at Innst ihn amino acids of SEO ID NO:33. It is 
uni;ltMi whether this i:; (ho intended moaning, because tho 
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fragments of claims 9 and 10, for example, appear to 
encompass only part of SEQ ID NO:33. 

(Office action at p. 8.) 

The Applicants respectfully submit that the definition of the term "fragment" 
asserted by the Patent Office is contrary to the understanding of the artisan of 
ordinary skill. However, claim 10 has been canceled without prejudice and 
claims 8 and 9 have been amended such that neither claim. recites "fragment." 
Accordingly, the rejection for indefiniteness has been rendered moot. 

D. Summary 

All of the rejections under §112, second paragraph have been 
rendered moot by the amendments herein. Accordingly, these rejections should 
be withdrawn. 

XI. The rejection of claims 8 and 9 under §112. first paragraph, should be 
withdrawn because the specification enables one to make the invention 
commensurate in scope with these claims. 

In paragraph 1 7 of the Office action, the Patent Office rejected 

claims 8 and 9 under 35 U.S.C. §112, first paragraph, asserting that the 

specification fails to enable one skilled in the art to make the invention 

commensurate in scope with these claims: 

Claims 8 and 9 are rejected under 35 U.S.C §112, 
first paragraph,, because the specification, while being 
enabling for the scope of claim 10, does not reasonably 
enable the range of polypeptides encompassed in the instant 
claims. The specification does not enable any person skilled 
in the art to which it pertains, or with it is most nearly 
connected, to make the invention commensurate in scope 
with these claims. 

{Office action at p. 10.) 

Tin; Applicants respectfully traverse. 

Amended claim 8 recites, "A polypeptide capable of binding to an 

Flt4 receptor tyrosine kinase, said polypeptide comprising a portion of SEQ ID 

NO: 33 effective to permit such binding." Claim 9, which depends from claim 
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8, requires that the polypeptide have an apparent molecular weight of 
approximately 23 kD as assessed by SDS-PAGE under reducing conditions. 

By providing the amino acid sequence set forth in SEQ ID NO: 33, 
the specification enables one skilled in the art to make essentially any 
polypeptide comprising a portion of SEQ ID NO: 33. For example, such 
polypeptides may be synthesized using automated peptide synthesizers or using 
recombinant techniques (e.g., using polynucleotides of the invention). 
Moreover, the specification enables binding assays to determine whether a 
polypeptide that has been synthesized is capable of binding to Flt4 receptor 
tyrosine kinase, and enables phosphorylation assays to determine whether such 
a polypeptide is capable of stimulating Flt4 autophosphorylation (see, e.g., 
Example 4). For these reasons alone, the specification enables one to make the 
invention'of claims 8 and 9, and the rejection under §112, first paragraph, must 
be withdrawn. 

Moreover, the Patent Office's reasoning does not support the 
present rejection of the amended claims. The Patent Office's first basis for 
rejection is that "claim 8 encompasses fragments of all sizes from all locations 
of the protein of SEQ ID NO:33, and claim 9 encompasses all of these same 
fragments having an apparent molecular weight of 23 kD." However, claim 8 
docs not encompass fragments of all sizes and locations of the protein of SEQ 
ID NO: 33. Rather, claim 8 encompasses only polypeptides which comprise a 
portion ol SEQ ID NO: 33 effective to permit binding to an Flt4 receptor tyrosine 
kinase. As the Patent Office acknowledges in its rejection, the skilled artisan 
would not predict that any fragment of the protein comprising SEQ ID NO:33 
would bind the receptor. Thus, the scope of amended claim 8 (and claim 9 
which depends therefrom) is narrower that the Patent Office has asserted. 2 



2 By teaching that polypeptides of the invention are Flt4 ligands, and by 
teaching how to make and use hit^ protein ianu/oi Im6 axtrccc!!— r fragment 
thereof), iho specification enables one skilled in the art to perform the routine 
•.. iccninij ni!i:os:..ny In identity those portions ol SI O ID NO: 'A:\ UkU ;hi: 
ellective lo permit FU4 binding. 
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The Patent Office's second asserted basis for rejection is set forth 

below: 

Second, the specification teaches at Example 5 a purified 
polypeptide having an apparent molecular weight of 
approximately 23 kD and an N-terminal sequence consisting 
of SEQ ID NO: 13. The specification also teaches at Example 
1 1 that a fragment having amino acids 1-180 of SEQ ID 
NO:33 may bind the receptor. 

(Office action at p. 10.) 

The foregoing quotation is a description of a working example and of guidance 
provided in the specification for identifying portions of SEQ ID NO: 33 effective 
to permit Flt4 binding. As such, the foregoing quotation supports, rather than 
negates, a conclusion of enablement. See Ex parte Forman (cited by the Patent 
Office), , 

The Patent Office's remaining rationales in support of its rejection 
relate to the alleged unpredictability of identifying effective portions of SEQ ID 

NO: 33: 

Third, the skilled artisan could not predict which of the vast 
number of polypeptides encompassed by the claims would 
bind the Flt4 receptor, because the secondary structures 
required for interacting with the receptor were unknown and 
the secondary structures of any of the fragments of the 
claimed polypeptide were unknown. As Ferrara et al. teach 
at column 29, lines 29-32, even endothelial growth factors 
of the same size may have widely different structures and 
potencies. Thus, the skilled artisan would not predict that 
any fragment of the protein comprising SEQ ID NO:33 would 
bind the receptor solely because it's 23 kD in size. Fourth, a 
vast amount of experimentation would be required to make 
all the encompassed fragments and test their ability to bind 
the receptor. Thus, an undue amount of experimentation 
would be required to make and use the claimed invention. 

(Office action at p. 10.) 

However, these assertions ignore guidance provided in the specification for 
determining which portions of SEQ ID NO: 33 are required to permit binding to 
Flt4, and further ignore the nature of experimentation that one skilled in the art 
would conduct to identify such fragments. 
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The specification provides significant guidance for determining 

portions of SEQ ID NO: 33 that are effective to permit Flt4 binding. For 

example, although SEQ ID NO: 33 contains 350 amino acids, the specification 

provides guidance that the region critical for receptor activation is contained 

within its first approximately 180 amino acid residues. 

By extrapolation from studies of the structure of the related 
platelet derived growth factor (PDGF, reference Heldin, et 
al., Growth Factors 8, 245-252, 1993) one determines that 
the region criticaJ for receptor activation by the Flt4 ligand is 
contained within its first approximately 180 amino acid 
residues. 

(Specification, pp. 27-28.) 

Additionally, the specification outlines a protocol for defining that portion of 
SEQ ID NO: 33 which corresponds with the naturally-occurring Flt4 ligand. (See 
p. 27, lines 5-22.) Third, the specification provides guidance to (a) generate 
progressive deletion products of the Flt4 ligand cDNA; (b) express these 
modified cDNAs; and (c) assay the resulting truncated protein forms, e.g., by 
studying their ability to induce Flt4 autophosphorylation. These teachings serve 
to both provide guidance for predicting the portions of SEQ ID NO: 33 that are 
effective to permit Flt4 binding; and (2) reduce the amount of experimentation 
required to determine the minimum portion of SEQ ID NO: 33 that is critical for 
receptor binding. 

Importantly, because the specification teaches in vitro screening 
assays (employing Flt4 or Flt4 extracellular domain), the experimentation 
required to practice the full scope of claims 8 and 9 is routine in nature. The 
fact that routine screening assays are what is required, and that such assays are 
taught in the specification, further supports a conclusion of enablement. See in 
re Wands, 8 U.S.P.Q.2d 1400, 1404 (Fed, Cir. 1988) ("Enablement is not 
precluded by the necessity for some experimentation such as routine screening. 
. . . The test is not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine, or if the specification in 

ic:* provides n rcn?o nnh,r > nmnuni nf guidance with respect to the direction 
in which the experimentation should proceed.") The Patent Office's rationale 
that "a vast amount of experimentation would be required to make all the 
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encompassed fragments and test their ability to bind the receptor" ignores the 
fact that the required experimentation is rendered routine by the Flt4 in vitro 
screening assays of the specification. 

The Patent Office's rationale that "a vast amount of 
experimentation would be required to make all the encompassed fragments and 
test their ability to bind the receptor" also ignores the scientific ability of one of 
ordinary skill in the art. Importantly, one of ordinary skill in the art would not 
conduct experimentation by haphazardly making all of the possible fragments of 
SEQ ID NO: 33 and testing their ability to bind the receptor. An artisan of 
ordinary skill understands that each fragment that is screened provides guidance 
as to that portion of SEQ ID NO: 33 that is effective for binding, and that 
portion which is not. 3 An artisan of ordinary skill also understands techniques 
for accelerating a screening process, 4 and techniques for screening multiple 
polypeptides simultaneously. Thus, the Patent Office's reasoning greatly 
overstates both the quantity and the nature of the experimentation required to 
practice the invention as claimed. 

For all of these reasons, the specification enables one of ordinary 
skill in the art to practice the invention of claims 8 and 9, and the rejection 
under §112. first paragraph, should be withdrawn. 



3 For example, a determination that a polypeptide comprising residues 34- 
180 of SEQ ID NO: 33 is effective to permit binding to Flt4 and that a 
polypeptide comprising residues 181-350 is ineffective to permit binding would 
provide significant guidance as to that portion of SEQ ID NO: 33 to further 
screen for effective fragments. Thus, the assertion that it would be necessary 
to screen "all" fragments of SEQ ID NO: 33 to practice the claimed invention 
relies upon the false assumption that individual screening assays will be 
performed without knowledge gained from prior screenings. 

For example, it is within the skill of the art to synthesize spaced deletion 
intimitis (cs.n-- residues 34 350, 34 330, 34 310, etc.) from SEO ID NO: 33, 
i.iiIhm ili.ui ;;ui:i:c:r;siv(j deletion muMnl;; \\\A 3f>0, 34 340, 34 348 . . .), lo more 
i.tpttlly ideiUily effective portions for binding Flt4. 
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XII The rejection of claims 1. 13-15, and 17-19 under §112. first paragraph, 
should be withdrawn because the specification enables one to make th 
invention commensurate in scope with these claims. 

In paragraph 16 of the Office action, the Patent Office rejected 

claims 1, 13-15, and 17-19 under 35 U.S.C. §112, first paragraph, asserting 

that the specification fails to enable one skilled in the art to make the invention 

commensurate in scope with these claims: 

Claims 1; 13-15 and dependent claims 17-19 are 
rejected under 35 U.S.C. §112. first paragraph, because the 
specification, while being enabling for the scope of claim 16, 
does not reasonably enable the range of polypeptides 
encompasses in the instant claims. The specification does 
not enable any person skill in the art to which it pertains, or 
with which it is most nearly connected, to make the 
invention commensurate in scope with these claims. 

(Office action at p. 8.) 

The Applicants traverse in part and amend in part. 

A number of the Patent Office's bases for rejecting claims 1,13- 
15, and 17-19 relate to the amount of experimentation required to make and 
test polypeptides. As explained in detail in Part XI, above, the experimentation 
that is required is routine screening, and the specification enables in vitro 
screening assays which employ Flt4 protein or the extracellular domain thereof. 
In such circumstances, the Patent Office's reviewing court tolerates a 
considerable amount of experimentation under §112, first paragraph. See In re 
Wands, supra. Under the guidelines established in in re Wands, the conclusion 
that undue experimentation is required was improper. 

Moreover, the Applicants have amended claims 1,14, and 17 
herein to overcome the Patent Office's rejections. In its rejection, the Patent 
Office asserts, "claim 1 encompasses all proteins that may interact with the Flt4 
receptor." However, claim 1 is not directed to all proteins that may interact 
with the Flt4 receptor, but only to "A purified and isolated polypeptide capable 
of binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase." Thus, amended claim 1 is. commensurate in scope with the 
specification, which teaches a high affinity ligand which binds the extraceiiuiar 
domain of Flt4. 
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Similarly, claim 14 has been amended to recite, "A purified and 
isolated polypeptide which is capable of binding to Flt4 receptor tyrosine kinase 
and stimulating Flt4 phosphorylation in mammalian cells expressing FIt4 receptor 
tyrosine kinase. Thus, amended claim 14 requires more than mere "relatively 
weak" interaction with FIt4; amended claim 14 requires interaction that 
stimulates Flt4 receptor phosphorylation, as exemplified in the application. 

Claim 17 has been amended to recite, "A purified and isolated 
polypeptide according to claim 1, said polypeptide being purifyable from 
conditioned media from a PC-3 prostatic adenocarcinoma cell line . . . using an 
affinity purification procedure wherein the affinity purification matrix comprises 
a polypeptide comprising the extracellular domain of Flt4 receptor tyrosine 
kinase." Amended claim 17 also is commensurate in scope with the teachings 
in the application. Even if, as the Patent Office asserts, many different growth 
factors were found in PC-3 conditioned medium, one would not expect the 
many different growth factors to bind Flt4 with sufficient affinity to permit 
affinity purification. Claim 1 7 is directed only to those polypeptides which are 
purifyable from such a medium using Flt4 affinity purification. The specification 
contains a working example of such an affinity purification. (See Example 5, 
pp. 17-19.) 

The remaining rejected claims all depend from amended claims 1, 
14, or 17. Thus, the amendments to claims 1,14, and 17 are sufficient to 
overcome the Patent Office's rejections of all of claims 1, 13-15, and 17-19, 
and the rejections should be withdrawn. 

XIII. The rejection under §102{a) based upon Pajusola et al. was improper, 
because the cited reference fails to disclose a purified polypeptide 
capable of binding with high affinity to Flt4. 

In paragraph 19 of the Office action, the Patent. Office rejected 

claim 1 under § 102(a), asserting that the claim is anticipated by Pajusola era/.: 

Claim 1 is rejected under 37 U.S.C. § 102(a) as being 
anticipated by Pajusola et al. 

Pajusola et al. teach at p. 3550, column 1, a purified 
polypeptide, colony stimulating factor-1 (CSF-1), which 
binds a CSF-1 receptor/Flt4 fusion protein. An inherent 
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property of the fusion protein is the Flt4 receptor tyrosine 
kinase. Pajusola et al. thus anticipate claim 1. 

(Office action at p. 1 1 .) 

Claim 1 has been amended herein to recite, "A purified and isolated 
polypeptide capable of binding with high affinity to the extracellular domain of 
Flt4 receptor tyrosine kinase." 

Pajusola era/., Oncogene, S:3545-3555 (1994) discloses that 
colony stimulating factor- 1 (CSF-1) specifically activated a fusion protein 
comprising the ligand binding extracellular domain of the colony stimulating 
factor-1 receptor (CSF-1 R) fused to the transmembrane and cytoplasmic 
domains of an Flt4 receptor. (See, e.g., p. 3549, col. 2.) The fusion protein 
was expressed in specified eel! lines. The transgenic cells expressing the fusion 
protein were stimulated using CSF-1. 

One skilled in the art understands that CSF-1 binds to the CSF-1 
receptor, and more particularly to the extracellular domain of the CSF-1 
receptor. The receptor chimera in Pajusola et al. comprised the extracellular 
domain of the CSF-1 receptor and the transmembrane and intracellular domains 
of the Flt4 receptor. Thus, it is apparent to one skilled in the art that when 
CSF-1 is shown to bind this CSF-1 R/F!t4 chimera in transfected cells, the 
binding occurs between the CSF-1 and the CSF-1 receptor extracellular domain 
portion of the chimera. Thus, Pajusola et al. discloses a purified polypeptide 
which binds to a chimeric polypeptide comprising the extracellular domain of 
CSF-1 R. Pajusola et al. fails to disclose or suggest a purified polypeptide that 
binds to Flt4. Accordingly, the rejection of claim 1, which requires a purified 
and isolated polypeptide capable of binding with high affinity to Flt4 receptor 
tyrosine kinase, must be withdrawn. 

Moreover, amended claim 1 requires a purified and isolated 
polypeptide capable of binding with high affinity to the extracellular domain of 
Flt4 receptor tyrosine kinase. The chimeric receptor described in Pajusola et al. 
does not include the extracellular domain of Flt4. For this additional reason, the 
anticipation rejection ot ciaim i, based upun Fajuauia do!., must be .v;t!~.drc \vr.. 
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Finally, as stated above, claim 1 is entitled to a priority date of 
November 1 4, 1 994, the filing date of the priority document. Accordingly, 
Pajusola er a/., stated by the Patent Office to have been published in December, 
1994, does not constitute prior art. 

For all of these reasons, the rejection under §102 (a) must be 

withdrawn. 

XIV. The rejection under §102(bV has been rendered moot. 

In paragraph 20 of the Office action, the Patent Office rejected 
claim 18 under 5102(b), asserting that the claim is anticipated by Sitaras et a/.: 

Claim 18 is rejected under 35 U.S.C. § 102(b) as 
being anticipated by Sitaras et al. 

Sitaras et al., the whole document, teach a 
conditioned medium, thus anticipating the claimed invention. 
Because this conditioned medium is from PC-3 prostatic 
adenocarcinoma cells, it has the inherent property of 
comprising the polypeptide of claim 1 . 

(Office action at p. 11 .) 

The Applicants have canceled claim 18 herein, rendering this rejection moot. 

XV. Applicants comments concerning the Examiner's statement of reasons for 
the indication of allowable subject matter. 

In paragraph 22 of the Office action, the Examiner stated certain 

reasons for the indication of allowable subject matter in the present application. 

Included in the statement of reasons were characterizations of a Human 

Genome Sciences (HGS) PCT publication that does not constitute prior art: 

Human Genome Sciences, Inc. published the sequence of a 
Flt4 receptor ligand with greater than 99 percent identity to 
the instant ligand, but the date of publication does not 
antecede the filing date of the instant application. The 
ligand of Human Genome Sciences, Inc. was purified using 
expressed sequence tags without identification as encoding 
a vascular endothelial growth factor; therefore, one of 
ordinary skill in the art at the time of the invention would not 
have been motivated to use these art-known sequences to 
.uiivn .it \\\r. inslnnt invention. 

(Ollici; action a l p. 1 2.) 
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The Applicants respectfully submit that the foregoing 
characterization of the HGS publication (PCT publication W095/24473) includes 
conclusions made after reading the present application, and that the HGS 
publication discloses less than the Examiner has indicated. 

The Examiner stated that "Human Genome Sciences, Inc. published 
the sequence of a Flt4 receptor ligand with greater than 99 percent identity to 
the instant ligand." This characterization overstates the teachings in the HGS 
publication. Importantly, the HGS publication fails to disclose or suggest that 
any polypeptide or other molecule is an Flt4 receptor ligand. It is the present 
application that discloses that a polypeptide is a ligand for Flt4. The Examiner 
has concluded, based upon the similarity of an HGS sequence to a sequence 
disclosed by the present applicants, that the HGS sequence is that of an Flt4 
ligand. However, the Examiner's familiarity with the present application was 
required for this conclusion. It is the present application, and not the HGS 
publication, which identifies an FIt4 receptor tyrosine kinase ligand. 5 

The Examiner also stated, "The ligand of Human Genome Sciences, 
Inc. was purified using expressed sequence tags . . . Apparently, the 
Examiner intended to state that the nucleotide sequence taught in the HGS 
publication was obtained using expressed sequence tags .... The HGS 
publication does not disclose "purification" of a "ligand." At best, Example 2 in 
the HGS publication purports to disclose in vitro transcription and translation of 
three polynucleotides and analysis of the reaction products on an SDS-PAGE 
gel. The HGS publication states that translated products with estimated 
molecular weights of "38-40 dk" and "36-38 kd" were observed on the gel. 



As discussed in detail in preceding sections, the guidance provided in the 
present application that an Flt4 ligand has been identified has important legal 
ramifications under §112, first paragraph. For example, one would not be 

ft iuli vli ieu iu pei Tumi /// viiiu »ui eei'iii ly oSSayS Ofi f ra9iT.CT.tG 07 VZT : ,ZT\tZ Zf Z 

protein, using Flt4 (or an extracellular fragment thereof), if one is unaware that 
the protein itself is an Flt4 ligand. 
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The failure of the HGS application to identify a receptor through 
which the putative "VEGF2 polypeptide" mediates any putative biological 
activity is significant, and clarification for the record is respectfully requested. 



XVI. Summary 

For the foregoing reasons, the Applicants respectfully request 
reconsideration, withdrawal of all claim rejections and objections to the 
specification and claims, and allowance of claims 1-9,11-17, and 19-25. 



Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY & BORUN 



Dated: February 10, 1997 




David A. Gass 
Registration No. 38,153 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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Date: A>- ■ 1 10. ! 1 ? 9" Bv: 

" David A. Gass 

Registration No.: 38,153 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312) 474-6300 
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This is a communication from the examiner in charge of your application. 
COMMISSIONER OF PATENTS AND TRADEMARKS 

OFFICE ACTION SUMMARY 

® Responsive to communication(s) filed on 1-~//~>/'?7 Cfa^-jOt' £ ) — — . . 

B This action is FINAL. 

□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed in 
accordance with the practice under Ex parte Quayle. 1935 D.C. 1 1 ; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire 3 month(s), o r thirty dayc , 

whichever j s longer, from the mailing date of this communication. Failure to respond within the period for response will cause 
the application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR 
1.136(a). 

Disposition o- Claims 

'xj G::.:m(.>> _l -zJ? // - / 7, /' ~~ ^ > : is/are pending in the application. 

. v : * -g; cw;; ;■*' ■;m(s" y J- ~ ~l ' j_ (_ is/are withdrawn from consideration. 

S£ C'aim(s) ■ ' ^- _ is/are allowed. 

(S£ CMn-ni's) _/ , _2,__L?. Jl /Y -'^^ vslatQ rejected. 

[Vj ctirirr/s 1 - ■ J * 7 is/are objected to. 

Tl C v aro subject to restriction or election requirement. 

i ! . jo ih- Httr-h j:: Notice- of Grafispersan's Patent Drawing Review. PTO-948. 

i : i ue dt awing Js) Mod on : <s/are objected to by the Examiner. 

□ Th3 proposed drawing correction, filed on is □ approved □ disapproved. 

CD The specification is objected to by the Examiner. 
H The oath or deciaration is objected to by the Examiner. 
Priority under 35 U.S.C. § 119 

Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 
Z?. A!.' G Some' O None of the CERTIFIED copies of the priority documents have been 
L: received. 

> > mccived in Applicatioit No. (Series Codo/Scrial Number) . 

! i received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 

"Certified copies not received: _ • 

□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1 19(e). 
Attachment(s) 
I . ! Notice of Reference Cited, PTO-892 

29 Information Disclosure Statement(s). PTO-1449. Paper No(s). /.3 

iTi Interview Summary, PTO-413 

! I N«i1m:o of Di;ilt:;|if!rson'!; I*al«inl Growing Review. PTO-94H 
t ! Ntiltr.c ol Inlounal l*;ilonl Application. PVO-1£>;! 

- SEE OFFICE ACTION ON THE FOLLOWING PAGES - 

crri; -a?* m* 1 ^ ""'"*' * 
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DETAILED ACTION 

Election/Restriction and Disposition of Claims 
1. Applicants remarks concerning the finality of the requirement for restriction are noted. 
5 Applicants argue that 35 USC 121 should be interpreted as requiring the inventions to be both 
"independent" and "distinct" to be properly restricted- The restriction requirement is final as set 
forth in Paper No. 1 1, mailed 9/10/96. Applicants are respectfully referred to the court's decision 
in In re Lee, 199 USPQ 108, 109(ComrPats 1978). 

10 2. Requirement of cancellation of non-elected claims is premature as noted by applicant and 
is withdrawn. Claims 1-9, 1 1-17, and 19-25 are pending, with claims 3-7 and 1 1 withdrawn from 
consideration as to a non-elected invention. 

Priority 

15 3. In support of their position that some claims may receive the benefit of priority under 35 
USC 120, applicants point out that the examiner missed support for a Flt4 ligand in a preliminary 
amendment in application Serial No. 08/34001 1 ('01 1). The preliminary amendment in '01 1 
describes conditioned medium from PC-3 cell cultures that comprises a soluble ligand for the Flt4 
receptor (p. 1 1, last paragraph). '011 does not describe the ligand, but rather describes the 

20 induction of receptor phosphorylation in response to a ligand and states that ligands may be 

purified from the conditioned medium (p. 6, penultimate paragraph). The examiner relies on the 
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decision in Fiers v. Revel, 25 USPQ2d 1601, 1606 (CA FC 1993) as applied to the claimed 
ligand. The description in '01 1 of a conditioned medium containing a ligand or ligands that 
activate the FU4 receptor and a potential method for isolating these ligands does not satisfy the 
written description requirement of 35 USC 1 12, because *01 1 does not describe the ligand itself, 
nor does it demonstrate that the disclosed method would actually produce the claimed ligand. 
'01 1 therefore does not demonstrate that the inventor had possession "of claimed ligand at the time 
it was filed. No claims are afforded priority to application Serial No. 08/34001 1 for the reasons 
set forth. 

4. The examiner notes the mention of Finnish application Serial No. 950624 in the 
Declaration filed 2/27/97 without the claim of priority to this application under 35 USC 1 19. 



Drawings 

5. The corrected or substitute drawings were received on 2/13/97. These drawings are 
15 acceptable. 

6. Since allowable subject matter has been indicated, applicant is encouraged to submit 
formal drawings in response to this Office action. The early submission of formal drawings will 
permit the Office to review the drawings for acceptability and to resolve any informalities 

20 remaining therein before the application is passed to issue. This will avoid possible delays in the 
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issue process. Applicants correctly note that formal drawings are not required at this stage in 
prosecution. 

Withdrawn Objections and Rejections 
7. The objections to claims 14 and 1 7 are withdrawn in view of applicants' arguments and 
amendments. The remarks regarding the enabling disclosure are withdrawn from the 
consideration of whether the claims should be objected to under 37 CFR 1.75 as not pertinent to 
this Rule. Any remarks about the conformity of the claims to the enablement requirement will be 
made as appropriate in the context of 35 USC 1 12, first paragraph, as set forth below: The 
rejection of claims I and 8 and dependent claims 9 and 13-19 under 35 USC 1 12, second 
paragraph, is withdrawn in view of applicants' arguments. The rejections of claim 10 under 35 
USC 1 12, second paragraph, are rendered moot by the cancellation of claim 10. The rejection of 
claims 8 and 9 under 35 USC 1 12, second paragraph, is withdrawn in view of applicants' 
amendment. The rejection of claim 18 under 35 USC 112, first paragraph, is rendered moot by 
the cancellation of the claim. The rejection of claim 1 under 35 USC 102(a) as being anticipated 
by Pajusola et al. is withdrawn in view of applicants' amendment. The rejection of claim 18 under 
35 USC 102(b) as being anticipated by Sitaras et al. is rendered moot by the cancellation of claim 
18. 



8. 



Claim Rejections - 35 USC § 101 
35 U.S.C. 101 reads as follows: 
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■ ■ nPW ant 4 useful process , machine, manufacture, or composition of 

requirements of this title. 

9. Claim 8 and dependent claims 9 and 20-22 are rejected under 35 U.S.C. 101 because the 
claimed invention is directed to non-statutory subject matter. Claim 8 as amended no longer 
recites a purified and isolated polypeptide and hence reads on a product of nature, which is non- 

statutory subject matter. 

Claim Rejections - SS USC§ 112 
10. Claims 8, 9, and 20-22 are rejected under 35 U.S.C. 1 12, first paragraph, because the 
specification, while being enabling for a portion of SEQ ID N0.33 capable of binding to an Flt4 
receptor tyrosine kinase comprising about the amino terminal 180 amino acids, does not 
reasonably provide enablement commensurate with the scope of the claims. The specification 
does not enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make the invention commensurate in scope with these claims. 

Making the invention requires a portion of the protein of SEQ ID NO:33 effective to 
permit binding to the Flt4 receptor. Claim 9 recites that this fragment must have an apparent 
molecular weight of 23 kD determined by SDS-PAGE under reducing conditions. Claim 20 
further requires that the fragment bind with high affinity and stimulate Flt4 receptor 

Th. unification euides the selection of Flt4 Hgands comprising a portion of 

t 1 J * ~ 

SEQ ED NO .33 capable of binding the FU4 receptor and stimulating its tyrosine kinase activity at 
Example 1 1. The specification teaches that a 23 kD polypeptide from the protein of SEQ ID 
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NO:33 that is produced by 293-EBNA cells has biological activity, but that the protein of SEQ ED 
NO:33 is predicted to be about 35.7 kD in molecular weight. The specification does not teach 
which amino acids are present in the 23 kD fragment, nor does it teach whether post-translational 
modifications such as glycosylation may have changed the apparent molecular weight. The 
5 specification predicts without direct evidence that the first 180 amino acids of SEQ ID NO:33 will 
be sufficient for biological activity (p. 28, lines 1-3). Beyond this guidance, the specification 
provides no guidance to select fragments of the protein of SEQ ID NO:33 that are able to bind 
the Flt4 receptor. Without additional structural information on the ligand, the skilled artisan 
cannot predict which additional fragments of the protein of SEQ ID NO:33 might bind the 

10 receptor. Where the art is unpredictable, as in the case of physiological activity, more guidance is 
required. In re Fisher, 166 USPQ 18 (CCPA 1970). The vast amount of experimentation 
required to test all the encompassed fragments is one factor to be considered in the overall 
determination of whether the experimentation required to make the invention is undue. For the 
reasons set forth above, undue experimentation would be required to make the invention 

15 commensurate with the scope of the claims. /// re Wands, 8 USPQ2d 1400, 1404 (CAFC 1988). 

11. Applicant's arguments filed 2/13/97, Paper No. 15, have been fully considered but they are 
not persuasive. Applicants argue that the skilled artisan can make any fragment of the protein of 
SEQ ED NO: 3 3 and that the determination of whether these fragments can bind the receptor 
20 requires routine experimentation. The examiner agrees that while fragments could be made, 

undue experimentation would be required to make those fragments with the claimed biological 
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activity of binding the Flt4 receptor given the guidance provided in the specification. Applicants 
argue that claim 8 encompasses only peptides capable of binding the receptor, and therefore is 
more limited in scope than the examiner contends. The examiner argues that the claim limitation 
of binding the receptor must be met by testing all fragments encompassed by the claims, which in 
this case are not limited in any way. Applicants argue that the guidance of the specification 
directs the artisan to try the amino terminal 130 amino acids, but they do not claim fragments 
comprising the first 180 amino acids of SEQ ID NO:33. Without this claim limitation, should the 
skilled artisan be guided by the fact that the only biologically active fragment shown is 23 kD in 
apparent molecular weight with an unknown degree of post-translationai modification, or should 
they be guided by the supposed biological criticality of the amino terminal 180 residues? 
Applicants assert that remarks made by the examiner support the argument that there is enabled 
subject matter. The examiner agrees entirely but- notes that the instant claims are not limited in 
scope to what the examiner indicated as enabled in his action mailed 9/10/96. Applicants argue 
that the assertion of unpredictability ignores the guidance in the specification, and that the alleged 
vast amount of experimentation required to make the experiment does not take the routine nature 
or the level of the skilled artisan into account. Unpredictability is generated by the uncertain 
result on biological activity when protein structure is altered, which may only be alleviated by 
providing some guidance as to which structures are necessary and sufficient for biological activity. 
The examiner has agreed that applicant has provided sucn guidance in the specificaiiun where me 
specification teaches the criticality of the first 180 residues for biological activity. While the 
quantity of experimentation is not in itself sufficient for determining undue experimentation, the 
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vast amount of experimentation required to test ail the encompassed fragments is still correctly 
considered as a factor as noted by the examiner in the overall determination of whether the 
experimentation required to make the invention is undue. In re Wands, 8 USPQ2d 1400, 1404 
(CAFC 1988). 

12. Claims 1, 13-15, 19, and 23-25 are rejected under 35 U.S.C. 1 12, first paragraph, because 
the specification, while being enabling for the scope of claim 16 or claim 17, does not reasonably 
provide enablement commensurate with the scope of the claims. The specification does not 
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, 
to make the invention commensurate in scope with these claims. 

The scope of claims 1, 13, 14, 19, 23, and 25 encompasses polypeptides from any source 
that bind with high affinity to the Flt4 receptor or stimulate its tyrosine kinase activity. Claims 13 
and 23 require that these polypeptides have an apparent molecular weight of 23 kD on SDS- 
PAGE under reducing conditions. Making the invention requires testing all tissues from all 
known species, because neither the source nor the structure of the protein is recited in the instant 
claims. The teaching of the specification that the peptide is 23 kD provides no real guidance to 
make the invention commensurate with the scope of the claims, because many proteins are about 
this size, and the skilled artisan would be further burdened with determining the relative molecular 
weight of every protein from every tissue from every species known to meet the claim limitation. 
There is no guidance provided by the specification to select those encompassed polypeptides that 
bind the Flt4 receptor with high affinity with the exception of those teachings which support the 
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subject matter indicated as enabled; i.e., the subject matter of claims 16 and 17. There is no 
guidance to predict a priori whether any protein would bind the receptor without some 
information on the structure of the protein, and this information was simply not available for all 
the proteins encompassed by the claims at the time of the invention. The scope of the required 
5 enablement varies inversely with the degree of predictability involved, and in applications directed 
to inventions in arts where the results are unpredictable, the disclosure of a single species usually 
does not provide an adequate basis to support generic claims. MPEP 2 164.03 citing In re Soli, 
97 F.2d 623, 38 USPQ 189 (CCPA 1938) and /// re Fisher, 427 F.2d 833, 166 USPQ 18 (CCPA 
1970). 

10 The scope of claims 15 and 24 encompasses only those proteins comprising SEQ ID 

NO: 13 or fragments of SEQ ID NO:33 capable of stimulating Flt4 receptor tyrosine kinase 
activity. As set forth above in regard to the activity of fragments of the protein of SEQ ID 
NO:33, the specification predicts without direct evidence that the first 180 amino acids of SEQ ID 
NO:33 will be sufficient for biological activity (p. 28, lines 1-3). Beyond this guidance, the 

15 specification provides no guidance to select fragments of the protein of SEQ ID NO:33 that are 
able to bind the FIt4 receptor. Without additional structural information on the ligand, the skilled 
artisan cannot predict which additional fragments of the protein of SEQ ID NO:33 might bind the 
receptor. Where the art is unpredictable, as in the case of physiological activity, more guidance is 
required. In re Fisher, 166 USPQ 18 (CCPA 1970). The vast amount of experimentation 

20 required to test all the encompassed fragments is one factor to be considered in the overall 
determination of whether the experimentation required to make the invention is undue. 
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For the reasons set forth, undue experimentation would be required to make the invention 
commensurate with the scope of the claims. /// re Wands, 8 USPQ2d 1400, 1404 (CAFC 1988). 

13. Applicant's arguments filed 2/13/97 have been fully considered but they are not persuasive. 
Applicants argue that a considerable amount of experimentation is tolerated if that 
experimentation is routine in nature. While the quantity of experimentation is not in itself 
sufficient for determining undue experimentation, the vast amount of experimentation required to 
test all the encompassed fragments is still correctly considered as a factor as noted by the 
examiner in the overall determination of whether the experimentation required to make the 
invention is undue. /// re Wands, 8 USPQ2d 1400, 1404 (CAFC 1988). Other remarks of 
applicants are made in regard to amendments to the claims and are fully considered in the 
rejection set forth above. 

Allowable Subject Matter 

14. Claims 2 and 12 are allowed. Applicants comments concerning WO 95/24473 are noted. 
By clarification, the examiner notes that this publication discloses a polypeptide with greater than 
99% sequence identity to the instantly claimed protein of SEQ ID NO:33. Applicants correctly 
note that it was the polynucleotide disclosed in WO 95/24473 that was obtained from ESTs. 
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15. Claims 16 and 17 are objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

Conclusion 

16. Applicant's amendment necessitated the new ground(s) of rejection presented in this Office 
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is 
reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for response to this final action is set to expire THREE 
MONTHS from the date of this action. In the event a first response is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until aaer 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event will the 
statutory period for response expire later than SIX MONTHS from the date of this final action. 

17. Any inquiry concerning this communication from the examiner should be directed to Brian 
Lathrop, whose phone number is (703) 305-5679. The examiner can normally be reached 
Monday tnrougn rnaay uum o.ju r^*. w * 



Serial Number: 08/510133 -12- 
Art Unit: 1801 

The examiner will attempt to respond to voice messages within 24 hours. Alternately, the 
examiner's supervisor, Vasu Jagannathan, can be reached at (703) 306-2777. The FAX number 
for Art Unit 1801 is (703) 305-7401. 

An inquiry of a general nature relating to the status of this application should be directed 
5 to the Group 1800 receptionist whose telephone number is (703) 308-0196. 

Brian K. Lathrop, Ph.D. .*r^* r ^ 
4/8/97 
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Sir: 

In an official action mailed April 11, 1997, the examiner finally 
rejected claims 1, 8, 9, 13-15, and 19-25 variously under 35 U.S.C. §§ 101 and 
112, first paragraph. Claims 2 and 12 were allowed, and claims 16 and 17 
were objected to as being dependent upon a rejected base claim, but were 
otherwise deemed allowable. The applicants respectfully request 
reconsideration in light of the following amendments and remarks. 
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AMENDMENTS 

In the specification : 

At pape^4, line 30, after "Figure 9" please insert (SEQ ID NOs: 

32 and 33) 





In the claims : 

Please cancel claims 3-7 and 1 1, without prejudice, amend claims 
8, 16, 17, 21, 22, and 25, and add new claims 26-28, as shown below. 



0 
0 



c 



8. (Three times amendedrr*Av Pu/ified and isolated polypeptide 
capable of binding to an Flt4 receptor tyrosine kinase, said polypeptide 
comprising a portion of SEQ ID NO: 53 effective to permit such binding. 



c 



16. (Amended) A purified and isolated polypeptide capable of 
binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase and having an apparent molecular weight of approximately 23 kD as 
assessed bv SDS-PAGE under reducing conditions, [according to claim 13,] 
wherein amino terminal amino acids 2 through 18 of said polypeptide have an 
amino acid sequence corresponding to amino acids 2 through 18 set forth in 

^ SEQ ID NO: 13. 

17. (TMce/am6nded) A purified and isolated polypeptide capable 
of binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase, [according-*© clairji 1,] said polypeptide being purifyable from 
conditioned media from h PC-3 prostatic adenocarcinoma cell line, said cell line 
having ATCC CRL No. J435, using an affinity purification procedure wherein the 
affinity purification matrix comprises a polypeptide comprising the extracellular 
domain of Flt4 receptor tyrosine kinase. 



D 



^ 21. (Arn^nded) A polypeptide according to claim [8] V7 further 

(_y comprising a detectable label. 



y 



2 - 
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^ 22. (Amended)W^aGrnaceutical composition comprising a 

^^Jp polypeptide according to claim fflU in a pharmaceutically-acceptable diluent. 



adjuvant, or carrier. 



" " 25. (Amended) A pharmaceutical composition comprising a 

C polypeptide accordin^'toTc^im/ [14] 16 in a pharmaceutically-acceptable diluent, 



adjuvant, or carrier. 



- 26. A polypeptide according to claim 8 wherein said portion of 
SEQ ID NO: 33 effective to dermit such binding is a continuous portion of SEQ 
ID NO: 33 within amino acicfe 1-180 of SEQ ID NO: 33. 

^ ^ 2^~^obWpeox\6e according to claim 8 wherein the amino 

terminus of said potion ^effective to permit such binding corresponds with 
position 34 of SEQ ID HO i 33. 

28.^/polypeptide according to claim 16 further comprising a 
detectable label. — I 



REMARKS 

I. History of claims and explanation of. amendments. 

The application as filed contained twelve claims. In a preliminary 
amendment (Paper No. 10) dated August 12, 1996, claims 1-4, 6, 8-9, and 12 
were amended, and claims 13-19 were added to the application. In an 
amendment dated February 10, 1997, the applicants canceled claims 10 and 
18, amended claims 1, 8. 9, 14, and 17, and added new claims 20-25. In the 
present amendment, the applicants cancel claims 3-7 and 1 1 , amend claims 8, 
16, 17, 21, 22, and 25, and add new claims 26-28. Thus, upon entry of the 
foregoing amendments, claims 1-2, 8-9, 12-17, and 19-28 would be pending. 
a copy of the c ,airn< = »n their amended forms is appended hereto. 

The nature of each claim amendment is discussed below in the 
remarks pertaining to each claim. 



- 3 - 



New claim 26 depends from claim 8 and further limits claim 8 by 
adopting a suggestion of the examiner with respect to subject matter that the 
specification enables. Support for the limitation "within amino acids 1-180 of 
SEQ ID NO: 33" is found in the specification at p. 28, lines 1-3. New claim 27 
further limits claim 26 by reciting a specific amino terminal amino acid residue. 
The particular amino terminus that is recited in claim 27 corresponds to the 
amino terminus recited in claim 16. This amino terminus finds written support 
at p. 19, lines 17-19 of the specification. 

II. Restriction Requirement 

The applicants have canceled non-elected claims 3-7 and 1 1 
without prejudice. 

III. The Applicants respectfully request issuance of an advisory action 
wherein the Patent Office reverses as incorrect, or withdraws as 
inappropriate, its determination that no claims in the present application 
are afforded priority to U.S. S.N. 08/340,011. 

In the outstanding official action, the examiner has asserted, for the 
first time, that no claims in the present application are entitled to priority based 
upon U.S. S.N. 08/340,011, filed November 14, 1994, because of an asserted 
tack of written description under 35 U.S.C. §112, first paragraph. 1 For the 
reasons set forth below, this determination is legally and factually incorrect. 
Moreover, the right of priority has no bearing on the patentability of any claim at 



1 In its first official action, the examiner made an initial determination that 
no claims were afforded priority by the '01 1 application, because of an asserted 
absence of enabling disclosure. However, that initial determination was made 
without any consideration of the preliminary amendment portion of U.S. S.N. 
08/340,011 (a significant omission, since the '011 application is a Rule 62 
continuation-in-part of an earlier application, and the preliminary amendment 
portion of the '01 1 application is highly pertinent to the priority issue). In the 
outstanding final action, the priority determination based on lack of enablement 
has properly been withdrawn. However, the examiner has, for the first time, 
raised a new objection to the priority claim, based upon an asserted lack of 
written description. 
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this time, and therefore, is an inappropriate subject for Patent Office 
determination. 

A. The applicants respectfully request entry into the record and 
consideration of the expert declaration of Dr. Carl-Henrik Heldin 
filed herewith. 

The Patent Office's reviewing court has explicitly approved of the 
use of declarations which offer factual evidence to help resolve the issue of 
"written description" in a patent application, and has held that failure to accord 
appropriate weight to such declarations constitutes legal error. See In re Alton, 
37 U.S.P.Q. 1578, 1583 {Fed. Cir. 1996). The applicants have filed herewith 
the expert declaration of Dr. Carl-Henrik Heldin (the "Heldin declaration") to 
offer a factual explanation as to why one of ordinary skill in the art would have 
understood the 1994 priority application to describe the invention presently 
being claimed. Since the examiner raised the written description issue for the 
first time in the outstanding final official action, 2 the applicants respectfully 
request entry of this declaration into the record and consideration thereof with 
respect to the issue of written description. 

B. The determination that no claims are entitled to priority is legally 
and factually incorrect. 

The law is clear that original claims (i.e., claims contained in the 
patent application as filed) comply with the written description requirement of 
§112, because original claims constitute their own description. See in re Kolier t 
204 U.S.P.Q. 702, 706 (C.C.P.A. 1980). Moreover, later added claims of 
similar scope and wording are described by original claims. Id. 

In the present case, the applicants' 1994 priority application (the 
'01 1 application) contained original claims to an Flt4 ligand. For example, 
original claim 31 recites, "A ligand which specifically binds to an FLT-4 receptor 



Tho »vr;tto.". dc^^n^t-cr. \zzu^ v*\*z , .wt ..occscitctcd cc!c!y by c...cr:d.,.cpt 
made by the applicants in response to the first action on the merits, and 
therefore could have been raised by the Patent Office prior to the issuance of a 
final action. 



tyrosine kinase." By way of comparison, claim 1 of the present application 
recites, "A purified and isolated polypeptide capable of binding with high affinity 
to the extracellular domain of Flt4 receptor tyrosine kinase." 

Claim 1 is unquestionably of similar scope and wording to claim 31 
as originally filed. Whereas original claim 31 was directed to "a ligand," claim 1 
is directed to "a purified and isolated polypeptide." However, the 1994 priority 
application clearly states that the ligand of the invention is a purified protein. 
(See, e.g., preliminary amendment to U.S. S.N. '08/340,01 1 dated November 14, 
1994, at p. 15: "The purified biologically active ligand protein . . . .") Whereas 
original claim 31 was directed to binding to FIt4 receptor tyrosine kinase, claim 
1 clarifies that the ligand binds to the extracellular domain of Flt4. However, 
the 1994 priority application clearly states that the ligand protein binds to the 
Flt4 extracellular domain. (See, e.g., preliminary amendment to U.S. S.N. 
08/340,01 1 dated November 14, 1994, at p. 11: "The above experiments prove 
that the ligand binds to the recombinant FLT4 EC domain.") Finally, original 
claim 31 recites that the ligand "specifically binds" whereas claim 1 is directed 
to "high affinity" binding. However, this difference merely adopts preferred 
claim language suggested by the examiner in the course of prosecution. Thus, 
claim 1 is unquestionably of similar scope and wording to an original claim of 
the '01 1 patent application. (See the Heldin declaration at \ 6.) Accordingly, 
original claims in the '011 patent application provide written description support 
for claim 1 of the present patent application. See In re Koffer, 204 U.S.P.Q. at 
706. 

Claim 19, which depends from claim 1 and recites that the 
polypeptide further comprises a detectable label, finds written description 
support in original claim 33 of the 1994 priority application. See In re Kolter, 
204 U.S.P.Q. at 706; see also the Heldin declaration at 1 7. 

Claim 17 (which depended from claim 1 but has been rewritten as 
an independent claim incorporating the limitations of claim 1) is similar to claim 
1 and additionally recites that the polypeptide is purifyable from conditioned 
media from a PC-3 prostatic adenocarcinoma cell line, the cell line having ATCC 
CRL No. 1435, using an affinity purification procedure wherein the affinity 
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purification matrix comprises a polypeptide comprising the extracellular domain 
of Flt4 receptor tyrosine kinase. These additional limitations find explicit written 
description support in the 1994 priority application in Examples 12 and 15: 
Example 12 teaches that conditioned media from the PC-3 prostatic 
adenocarcinoma cell line (ATCC CRL 1435) produces a soluble ligand for Ht4 
that binds to recombinant Flt4 extracellular domain and that can be purified 
using the Flt4 EC domain in affinity chromatography; Example 1 5 describes such 
affinity chromatography. (See the preliminary amendment to the '01 1 
application at pp. 8-11 and 15.) Thus, claim 17 finds written description 
support in the original claims of the 1 994 priority application coupled with the 
written description provided in Examples 12 and 15. (See the Heldin declaration 
at 1 8.) 

Claim 21 as amended is identical to claim 19 except that claim 21 
depends from claim 17. Thus, claim 21 finds written description support in the 
1994 priority application for the reasons outlined above with respect to claims 
17 and 19. 

Claim 14 recites "A purified and isolated polypeptide which is 
capable of binding to Flt4 receptor tyrosine kinase and stimulating Flt4 
phosphorylation in mammalian cells expressing F!t4 receptor tyrosine kinase." 
Written description support for "a purified and isolated polypeptide which is 
capable of binding to Flt4 receptor tyrosine kinase" is discussed above in 
relation to claim 1. Example 12 in the 1994 priority application teaches that the 
Flt4 polypeptide ligand stimulates Flt4 tyrosine phosphorylation in mammalian 
cells that express Flt4 receptor tyrosine kinase. (See the preliminary 
amendment to the '01 1 application at pp. 8-11; see also p. 6 ("In a preferred 
embodiment of the invention, conditioned medium from the PC-3 cell line 
comprises a protein or fragment thereof, which is capable of stimulating the Flt4 
receptor ....") Thus, claim 14 finds written description support in the original 
claims of the '01 1 application coupled with the written description provided in 

Claims 13 depends from claim 1 and recites that the polypeptide 
has an apparent molecular weight of approximately 23 kD as assessed by SDS- 



PAGE under reducing conditions. The approximate 23 kD molecular weight is 
an inherent property of the Flt4 ligand that the '01 1 application teaches one 
how to purify from the PC-3 conditioned medium. (See the Heldin declaration at 
^ 10 and 1 1.A.) As such, the inclusion of this property in the present 
application and in claim 13 does not deprive claim 13 of being afforded priority 
to the '011 application. See Therma-Tru Corp. v. Peachtree Doors Inc., 33 
U.S.P.Q.2d 1274, 1276 (Fed. Cir. 1995) ("A claim in a CIP application is 
entitled to the filing date of the parent application when the claimed invention is 
described in the parent specification in a manner that satisfies, inter alia, the 
description requirement of 35 U.S.C. §112.... [T]he later explicit description 
of an inherent property does not deprive the product of the benefit of the filing 
date of the earlier application."); Ex parte Yamaguchi, 6 U.S.P.Q.2d 1805, 1807 
(PTO Bd. App. 1987) (Claim to compound characterized by a particular x-ray 
diffraction spectrum has written description support in earlier application that 
teaches the compound, notwithstanding the absence of any teaching of the x- 
ray diffraction pattern in the earlier application, because a compound and all of 
its properties are inseparable); see also Application of Davies. 177 U.S.P.Q. 
381, 385, 475 F.2d 667, 671-72 (C.C.P.A. 1973) ("[W]e see no impediment to 
the present applicants' refiling their application and incorporating a discussion of 
the allegedly unobvious properties [of the invention] while retaining the effective 
date of the application involved here through §120.") 

Claim 1 5 depends from claim 14 and further recites that the 
polypeptide "comprises an amino acid sequence set forth in SEQ ID NO: 13." 
This partial amino acid sequence is an inherent property of an Flt4 ligand that 
the 1 994 priority application teaches one how to purify from the PC-3 
conditioned medium. (See the present application at p. 19, lines 9-19 (teaching 
that Flt4 ligand affinity purified from PC-3 medium has an amino terminal amino 
acid sequence set forth in SEQ ID NO: 13); see also the Heldin declaration at \S 
10 and 11.B.) As such, the inclusion of this property in the present application 
and in claim 15 does not deprive claim 1 5 of being afforded priority to the '011 
application. See Therma-Tru Corp. v. Peachtree Doors inc.; Ex parte 
Yamaguchi', and Appiication of Davies, supra. 
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Ctam 1 6 (which depended from claim 1 3 but has been rewritten in 
...dependent form, additional recites amino termina. amino acid sequence 
information of the c.aimed po.ypeptide. The recited amino acid sequence is an 
Cerent property of the F,t4 iigand that the 1994 priority app.ication teaches 
one how to purify from Pc . 3 3 ^ ^ ^ ^ 

at 11 10 and 11.C, As such, the inc.usion of this property in the present 
-PpHcation and in c.aim i 6 does not deprive claim 16 of being afforded priority 
to the 011 app.ication. See Tnerma-TruCorp. , Peachtree Doors . & 
Yamaguchr, and Application of Davies. supra. 

New Cairn 28 is identical to c.aim 19 except that Cairn 28 depends 
from c.a,m 16. Thus, c.aim 28 finds written descriptipn support in the 1994 
Parity app.ication for the reasons out,ined above with respect to claims 16 and 

Claim 23 depends from claim 14 and further recites that the 
polypeptide has "an apparent mo.ecu.ar weight of approximately 23 kD as 
assessed by SDS-PAGE under reducing conditions." This mo.ecu.ar weight 
'.notation is an inherent property of an F.t4 .igand that the 1994 priority 
app.ication teaches one how to purify from the PC-3 conditioned medium as 

7Z7:T»T h feSPeCt t0 C ' aim 3,SO He,di " at 

It 10 and 1 1.D., As such/ the inc(usion of thjs property . n ^^^^ 

appucation and in Cairn 23 does not deprive Cairn 23 of being afforded priority 
to the Onapto. Tnerma-Tru Corp. v . Peacntree Doors inc.; E * parte 

Yamaguchi; and Appiication of Davies, supra. 

those , ■ M ° reOVer ' f0re9 ° in9 ' S " 0t int6nded t0 be 3 —P'«te Kst of 



t-^S^^^^-J^on teaches to determine the amino 
at p. 15 (Example 15).? ' Prel.m.nary amendment to '011 application 
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C. The Patent Office's reliance on the Fiers case is improper. 

In dismissing the applicants' priority claim on written description 
grounds, the Patent Office relied upon the Federal Circuit's decision in Fiers v. 
Revel, 25 U.S.P.G.2d 1601, 1606 (Fed. Cir. 1993). (Official action at pp. 2 and 
3.) However, the Fiers opinion was rendered on its own distinct set of facts, 
and was rendered in the context of the state of the art in 1979-81 (i.e., about 
13-15 years prior to the applicants'. 1 994 filing date). Since the issue of written 
description is factual in nature. In re Alton, supra, 37 U.S.P.Q.2d at 1580, the 
examiner's reliance upon a legal opinion rendered on different facts, and in a 
much earlier period of the art of molecular biology, is highly suspect from the 
outset. 

1. The present application is distinguishable from the facts of 
the Fiers case because the present application teaches a 
method of preparing the claimed protein as a natural isolate. 
The Fiers opinion was based on the premise that a written 
description of a DNA invention requires the same degree of specificity as a 
conception of a DNA invention. Fiers, 25 U.S.P.Q.2d at 1606. Citing its earlier 
opinion in Amgen v. Chugai Pharmaceutical Co., 18 U.S. P.O. 2d 1016 (Fed. Cir. 
1991), the Court acknowledged that conception of a DNA can occur where one 
is able to define it by its method of preparation, its physical or chemical 
properties, or whatever characteristics sufficiently distinguish it. Fiers, 25 
U.S.P.Q.2d at 1604. In the present case, the 1994 priority application is able to 
define the Flt4 ligand protein by a method of preparation (e.g., affinity 
purification using the Flt4 extracellular domain) and by chemical characteristics 
(e.g., a polypeptide that is capable of stimulating the Flt4 receptor and 
regulating vascular endothelial cells). Thus, under the standards articulated in 
the Fiers and Amgen cases for DNA inventions, the 1994 priority application 
contains a written description of the Flt4 ligand protein invention claimed herein. 
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2. The present application is distinguishable from Fiers because 
the invention presently claimed pertains to a purified protein. 

In Fiers, the Federal Circuit rendered an opinion as to that which is 

required under §112, first paragraph, for an adequate written description of a 

DNA invention. The invention claimed in the present application is not a DNA 

invention; 4 the invention pertains to a purified protein, and the issue concerns 

whether a priority application contains a sufficient written description of that 

protein invention. The examiner has failed to articulate why a factual 

determination in Fiers pertaining to a DNA invention is relevant to a factual 

determination pertaining to a protein invention in the present case. 5 

Accordingly, the examiner has failed to meet his burden of establishing a prima 

facte case of lack of written description. 

Since the Fiers holding is distinguishable on its facts and also was 

rendered in the context of the state of the art in 1979-81, i.e., about 13-15 

years prior to the applicants' 1994 filing date, the Fiers opinion fails to support 

the examiner's written description objection. 

D. The right of priority has no bearing on the patentability of any claim 
at this time, and therefore, is an inappropriate subject for Patent 
Office determination. 

The Manual of Patent Examining Procedure instructs that a priority 
determination should be made during ex parte prosecution only when an 
intervening reference is found, upon which a rejection under §102 or §103 
would be made: 

The only times during ex parte prosecution that the 
examiner considers the merits of an applicant's claim of 

4 The Patent Office has deemed the DNAs taught in the application to 
constitute a distinct invention. 

5 In this regard, the Patent Office's attention is directed to Scripps Clinic v. 
Genentech Inc., 18 U.S.P.Q. 1001 (Fed. Cir. 1991), an opinion issued 
contemporaneously with the Amgen opinion and pertaining to a purified protein 

' "can*, a*, "oouc iPi tiic Udae \rici6ouc raicni iMO. 32,01 1/ 

contained claims to a purified protein (Factor VlllrC) and to an affinity method of 
purifying the protein. No amino acid sequence description was required under 
§112, first paragraph, for the Patent Office to issue or to reissue this patent. 
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priority is when a reference is found with an effective date 
between the date of the foreign filing and the date of filing 
in the United States and when an interference situation is 
under consideration. If at the time of making an action the 
examiner has found such an intervening reference, he or she 
simply rejects whatever claims may be considered 
unpatentable thereover, without paying any attention to the 
priority date .... 

(M.P.E.P.((6th Ed., Rev. 2) §201.15.) 

The outstanding final action constitutes the first time that the Patent Office has 
raised its written description objection as a basis for refusing to afford priority to 
the '01 1 application. 6 However, there are no prior art rejections based upon 
intervening references in the outstanding action. Accordingly, under the Patent 
Office's own procedures, it was inappropriate to consider the merits of the 
priority claim in the official action. 

E. Conditional Petition to Reverse or Withdrawn Adverse Priority 
Determination. 

Should the examiner refuse to reverse or withdraw the adverse 
priority determination that was made for the first time in the final official action, 
the applicants hereby petition the commissioner to reverse this determination as 
improper, or, in the alternative, to withdraw this determination as premature and 
expunge from the file all mention of this premature determination. The facts in 
support of reversal of the priority determination are provided in parts A-C, 
above, and in the Declaration of Dr. Heldin filed herewith. The facts in support 
of withdrawal of the premature determination are provided in part D, above. In 
the event of withdrawal, the applicants respectfully submit that all mention of 
the priority determination in the final official action and this submission by the 
applicants should be expunged from the file, so as not to taint the file history of 
the eventual patent in a manner adverse to the applicants. 

The priority issue is properly the subject of a petition because the 
priority determination is not pertinent to any rejection and, therefore, is not 



6 See note 1 , supra. 
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subject to review by the Board of Patent Appeals and Interferences. See 

M.P.E.P. §706.01. 

The applicants hereby authorize the commissioner to charge any 
necessary petition fee associated with this conditional petition to Deposit 
Account No. 13-2855. This petition has been timely filed within two months of 
the mailing of the final official action that contains the adverse priority 
determination at issue. . 

IV. The amendments to claim 8 render moot the rejection of claims 
8-9 and 19-20. 

In paragraph 9 of the outstanding official action, the examiner 
rejected claims 8-9 and 20-22 under 35 U.S.C. § 101, asserting that these 
claims read on a product of nature, because claim 8 fails to recite a "purified 
and isolated" polypeptide. (Office action at p. 5.) 

In response, the applicants have amended claim 8 to recite, "A 
purified and isolated polypeptide capable of binding to an Flt4 receptor tyrosine 
kinase, said polypeptide comprising a portion of SEQ ID NO: 33 effective to 
permit such binding." Thus, amended claim 8 does not read on a product of 
nature, rendering the rejection of claim 8 (and claims 9 and 19-20 which depend 
therefrom) moot. Since this amendment adopts a suggestion of the Patent 
Office and removes an issue for appeal, entry of the amendment and withdrawal 
of the rejection is respectfully requested. 

V. The amendments to claims 16 and 17 place these claims in condition for 
allowance. 

In paragraph 1 5 of the outstanding action, the Patent Office 
objected to claims 16 and 17 as being dependent upon a rejected base claim, 
but indicated that these claims would be allowable if rewritten in independent 
form. (Office action at p. 11.) In response, the applicants have rewritten claims 
16 and 17 in independent form, incorporating all of the limitation of the base 
claim arid nny Intervening claims. Accordingly, claim 16 and 17 are now in 
condition for allowance. 
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VI. The amendments to claims 21, 22, and 25 place these claims in 
condition for allowance; and new claim 28 is in condition for allowance. 

Claims 21, 22, and 25 have been amended to depend from and 

further limit claims 16 and 17. New claim 28 is identical to claim 21 and 

depends from claim 16. Because the subject matter of claims 16 and 17 has 

been deemed allowable, the amendment of claims 21, 22, and 25 (and addition 

of claim 28) to depend from claims 1 6 and 1 7 also places these claims in 

condition for allowance. Accordingly, entry of these amendments and 

allowance of claims 21, 22, 25, and 28 is respectfully requested. 

VII. The Patent Office's rejections of clams 1, 8, 9, 13-15, and 19-25 under 
§112, first paragraph, for lack of enablement improperly ignore both 
guidance provided in the specification and the skill of those in the art. 

In paragraphs 10-13 of the official action, the examiner articulated 

his basis for maintaining rejections of claims 1, 8, 9, 13-15, and 19-25 under 

§112, first paragraph, for lack of enablement. The Patent Office admits that 

fragments of the protein of SEQ ID NO: 33 can be made, but asserts that undue 

experimentation would be required to screen all fragments of SEQ ID NO: 33 to 

determine which fragments bind the receptor: 

The examiner argues that the claim limitation of binding the 
receptor must be met by testing all fragments encompassed 
by the claims, which in this case are not limited in any way. 

(official action at p. 7.) 7 

The Patent Office's insistence that it is necessary to test all 
fragments of SEQ ID NO: 33 ignores the scientific ability of one of ordinary skill 
in the art. Importantly, one of ordinary skill in the art would not conduct 
experimentation by haphazardly making ajl of the possible fragments of SEQ ID 
NO: 33 and testing their ability to bind the receptor. An artisan of ordinary skill 
understands that each fragment that is screened provides guidance as to that 



7 Claim 8 encompasses only polypeptides which are capable of binding the 
Flt4 receptor. To the extent that the examiner has interpreted claim 8 (or 
similarly limited claims) to "encompass" all fragments of SEQ ID NO: 33, the 
examiner has ignored a limitation of claim 8 and thereby erroneously construed 
the claim. 
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portion of SEQ ID NO: 33 that is effective for binding, and that portion which is 
not. 8 An artisan of ordinary skill also understands techniques for accelerating a 
screening process, 9 and techniques for screening multiple polypeptides 
simultaneously. Thus, the examiner's reasoning greatly overstates both the 
quantity and the nature of the experimentation required to practice the invention 
as claimed. 

In this regard, the application provides explicit guidance for 

screening fragments of SEQ ID NO: 33 to determine a portion effective to permit 

Flt4 binding. Although SEQ ID NO: 33 contains 350 amino acids, the 

specification provides guidance that the region critical for receptor activation is 

contained within its first approximately 180 amino acid residues . 

By extrapolation from studies of the structure of the related 
platelet derived growth factor (PDGF, reference Heldin, et 
al., Growth Factors 8, 245-252, 1993) one determines that 
the region critical for receptor activation by the FIt4 ligand is 
contained within its first approximately 180 amino acid 
residues. (Specification, pp. 27-28.) 

To determine which fragments contain a sufficient portion of SEQ ID NO: 33 to 

permit binding, the specification also outlines a specific protocol. The 

specification teaches one skilled in the art to (a) generate progressive deletion 

products of the Flt4 ligand cDNA; (b) express these modified cDNAs; and (c) 

assay the resulting truncated protein forms, e.g., by studying their ability to 

induce Flt4 autophosphorylation. (Specification at, e.g., p. 27, lines 23-29.) 

These teachings serve to both provide guidance for predicting the portions of 



8 For example, a determination that a polypeptide comprising residues 34- 
180 of SEQ ID NO: 33 is effective to permit binding to Flt4 and that a 
polypeptide comprising residues 181-350 is ineffective to permit binding would 
provide significant guidance as to that portion of SEQ ID NO: 33 to further 
screen for effective fragments. Thus, the assertion that it would be necessary 
to screen "all" fragments of SEQ ID NO: 33 to practice the claimed invention 
relies upon the false assumption that individual screening assays will be 
performed without knowledge gained from prior screenings. 

9 For example, it is -within the skill nf thA art tn synthesiye spaced dfilptinn 
mutants (e.g., residues 34-350, 34-330, 34-310, etc.) from SEQ ID NO: 33, 
rather than successive deletion mutants (34-350, 34-349, 34-348 . . .), to more 
rapidly identify effective portions for binding Flt4. 
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SEQ ID NO: 33 that are effective to permit FIt4 binding; and (2) reduce the 
amount of experimentation required to determine the minimum portion of SEQ ID 
NO: 33 that is critical for receptor binding. 



synthesize deletion mutants of SEQ ID NO: 33 that have been spaced 
intermittently (e.g., residues 34-180, 34-160, 34-140, 34-120, etc.), rather 
than synthesize every possible successive deletion mutant (34-180, 34-179, 34- 
178, 34-177 . . .), to more rapidly identify effective portions for binding Flt4. 
Furthermore, the skilled artisan is capable of synthesizing and screening several 
such deletion fragments simultaneously, in parallel experiments. Thus, the 
examiner's assertions that it is necessary to screen every fragment of SEQ ID 
NO: 33, that the specification lacks guidance, and that the amount of screening 
required constitutes undue experimentation is improper. See In re Wands, 8 
U.S.P.Q.2d 1400, 1404 (Fed. Cir. 1988) ("Enablement is not precluded by the 
necessity for some experimentation such as routine screening. . . . The test is 
not merely quantitative, since a considerable amount of experimentation is - 
permissible, if it is merely routine, or if the specification in question provides a 
reasonable amount of guidance with respect to the direction in which the 
experimentation should proceed. w ) 

VIII. Summary 

For the foregoing reasons, the applicants respectfully request 
reconsideration, withdrawal of all claim rejections and objections to the 
specification, withdrawal of the notation that no claims are afforded priority to 
the parent application, and allowance of claims 1-2, 8-9, 12-17, and 19-28. 



Moreover, as explained above, it is within the skill of the art to 
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June 11, 1997 
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MURRAY & BORUN 
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233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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Appendix of claims 

1. (Twice amended) A purified and isolated polypeptide capable of 
binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase. 

2. (Amended) A purified and isolated polypeptide comprising an 
amino acid sequence shown in SEQ ID NO: 33. 

8. (Three times amended) A purified and isolated polypeptide 
capable of binding to an Flt4 receptor tyrosine kinase, said polypeptide 
comprising a portion of SEQ ID NO: 33 effective to permit such binding. 

9. (Twice amended) A polypeptide according to claim 8 having an 
apparent molecular weight of approximately 23 kD as assessed by SDS-PAGE 
under reducing conditions. 

12. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 2 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 

13. A polypeptide according to claim 1 having an apparent 
molecular weight of approximately 23 kD as assessed by SDS-PAGE under 
reducing conditions. 

14. (Amended) A purified and isolated polypeptide which is 
capable of binding to Flt4 receptor tyrosine kinase and stimulating Flt4 
phosphorylation in mammalian cells expressing Flt4 receptor tyrosine kinase. 

15. A purified and isolated polypeptide according to claim 14, said 
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 1.3. 
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16. (Amended) A purified and isolated polypeptide capable of 
binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase and having an apparent molecular weight of approximately 23 kD as 
assessed by SDS-PAGE under reducing conditions, wherein amino terminal 
amino acids 2 through 18 of said polypeptide have an amino acid sequence 
corresponding to amino acids 2 through 18 set forth in SEQ ID NO: 13. 

17. (Twice amended) A purified and isolated polypeptide capable 
of binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase, said polypeptide being purifyable from conditioned media from a PC-3 
prostatic adenocarcinoma cell line, said cell line having ATCC CRL No. 1435, 
using an affinity purification procedure wherein the affinity purification matrix 
comprises a polypeptide comprising the extracellular domain of Flt4 receptor 
tyrosine kinase. 

19. A polypeptide according to claim 1 further comprising a 
detectable label. 

20. A polypeptide according to claim 8 which is capable of binding 
the extracellular domain of Flt4 receptor tyrosine kinase with high affinity and 
stimulating FIt4 phosphorylation in mammalian cells expressing Flt4 receptor 
tyrosine kinase. 

21. (Amended) A polypeptide according to claim 17 further 
comprising a detectable label. 

22. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 1 7 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 



- 18 - 



23. A polypeptide according to claim 14 having an apparent 
molecular weight of approximately 23 kD as assessed by SDS-PAGE under 
reducing conditions. 

24. A polypeptide according to claim 14 comprising a portion of 
SEQ ID NO: 33 effective to permit binding to FIt4 receptor tyrosine kinase and 
stimulation of Rt4 phosphorylation in mammalian cells expressing Flt4 receptor 
tyrosine kinase. 

25. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 1 6 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 

26. A polypeptide according to claim 8 wherein said portion of 
SEQ ID NO: 33 effective to permit such binding is a continuous portion of SEQ 
ID NO: 33 within amino acids 1-180 of SEQ ID NO: 33. 

27. A polypeptide according to claim 8 wherein the amino 
terminus of said portion effective to permit such binding corresponds with 
position 34 of SEQ ID NO: 33. 

28. A polypeptide according to claim 1 6 further comprising a 
detectable label. 
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Sir: 

I, Carl-Henrik Heldin, hereby state as follows: 

1. I am Director and member of the Uppsala Branch of Growth 
Regulation of the Ludwig Institute of Cancer Research (the Ludwig Institute) in 
Uppsala, Sweden. My curriculum vitae is attached hereto as Exhibit A. 



2. I understand that on 01 August 1995, Dr. Kari Alitalo and Dr. 
Vladimir Joukov (as inventors) filed U.S. Patent Application Serial No. 
08/510,133 (hereinafter "the 1995 application"), directed to a polypeptide 
ligand for Flt4 receptor tyrosine kinase; fragments thereof; a polynucleotide 
encoding the ligand; vectors and host cells comprising the polynucleotide; and 



antibodies reactive with the ligand. I understand that the Ludwig Institute now 
has an ownership interest in this application. 



3. I further understand that, during examination of the 1995 
application by the U.S. Patent and Trademark Office (the Patent Office), the 
examiner has taken the position that U.S. Patent Application Serial No. 
08/340,01 1, filed on 14 November 1994 ("the 1994 application") does not 
contain a written description of the polypeptide invention that is being claimed 
in the 1995 application. I have been asked by the Ludwig Institute to review 
the 1994 and 1995 applications and to provide a factual analysts of whether the 
1994 application contains a written description of the invention that is being 
claimed in the 1995 application. 

4. I understand that the claims in a patent application are the 
portion of a patent application that defines the invention for which patent 
applicants seek patent protection. I further understand that patent applications 
are written for the practitioner of ordinary skill in the pertinent scientific field. In 
the scientific specialties or subdisciplines which fall within the general category 
of "cellular and molecular biology," the reader of ordinary skill in 1994 and 1995 
(hereinafter "the reader") would have had at least a medical or doctorate degree 
and probably at least some post-doctoral research experience. 

5. To perform this analysis, I have reviewed and understand the 
contents of the 1994 application. This review included the document titled 
"Preliminary Amendment" that was filed on 14 November 1994 (hereinafter "the 
Preliminary Amendment"). I understand that pages 2-19 of the Preliminary 
Amendment contain text, examples, and claims which are considered part of the 

1994 application. I also have reviewed and understand the contents of the 

1995 application, including the claims thereof. Exhibit B hereto contains the 
pending claims of the 1995 application, with claim amendments that the 
Appiiuanls ii.Lcuu i.o rile with the Pater.: Office ccr.terrtperaneo'js'y with rhi<; 
declaration. 
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6. From the facts summarized below, I conclude that the subject 
matter of claim 1 of the 1995 application is described in the 1994 application in 
a manner which apprises the reader that the inventors had possession of a 
concept of what is claimed- Stated another way, the 1994 application 
reasonably conveys to me that the inventors had possession of the subject 
matter of claim 1 of the 1995 application, at the time that the 1994 application 
was filed: 

A. Claim 31 of the 1994 application recites, " A ligand which 
specifically binds to an FLT-4 receptor tyrosine kinase." (See the 
Preliminary Amendment at p. 18.) Since claims in a patent application 
define the invention for which patent applicants seek patent protection, it 
is absolutely clear to me that the inventors considered an FIt4 ligand to be 
an aspect of their invention. 

B. Claim 1 of the 1995 application recites, " A purified and isolated 
polypeptide capable of binding with high affinity to the extracellular 
domain of Flt4 receptor tyrosine kinase." Thus, whereas claim 31 of the 
1994 application was directed to " a ligand ,'' claim 1 of the 1995 
application is directed to M a purified and isolated polypeptide ." However, 
the 1994 application clearly states that the ligand of the invention is a 
purified protein. (See, e.g., the Preliminary Amendment at p. 15 ("The 
purified biologically active ligand protein . . . .**); see also p. 6 ("In a 
preferred embodiment of the invention, conditioned medium from the PC- 
3 cell line comprises a protein or a fragment thereof, which is capable of 
stimulating the FLT4 receptor... .").) Therefore, the "purified and isolated 
polypeptide " recitations of claim 1 are described in the 1994 application. 

C. Whereas claim 31 of the 1994 application was directed to 
binding "to an FLT-4 receptor tyrosine kinase," claim 1 of the 1995 
application specifies that the ligand binds "to the extracellular domain of 
Flt4 receptor tyrosine kinase." However, the 1994 application clearly 
states that the ligand protein binds to the FIt4 extracellular domain. (See, 
e.g., the Preliminary Amendment at p. x 1 1: "The above experiments prove 
that the ligand binds to the recombinant FLT4 EC [extracellular] domain.") 
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Therefore, the recitations in claim 1 regarding binding to the Rt4 
extracellular domain are described in the 1994 application. 

D. Claim 31 of the 1994 application recites that the ligand 
"specifically binds." whereas claim 1 of the 1995 application is directed 
to "high affinity" binding. However, the reader would have understood 
that the "ligand" that "specifically binds" to Flt4 receptor was a high 
affinity binding partner. For example, the teaching in the 1994 
application to purify the ligand using the recombinant FLT4 EC domain in 
affinity chromatography (see, e.g., the Preliminary Amendment at p. 11 
and Example 1 5) apprises the reader that the ligand is thought to be a 
high affinity ligand. 

Thus, I conclude that the subject matter of claim 1 of the 1995 application is 
described in claim 31, at pp. 1 1 and 1 5 of the Preliminary Amendment, and 
elsewhere in the 1994 application. . 

7. I conclude that the subject matter of claim 19 of the 1995 
application is described in the 1994 application in a manner which apprises the 
reader that the inventors had possession of a concept of what is claimed. Claim 
19 of the 1995 application is directed to the polypeptide having all of the 
features recited in claim 1 of the 1995 application, and "further comprising a 
detectable label." Thus f the only aspect of claim 19 not already discussed 
above (in paragraph 6) is the inclusion of a detectable label. However, claim 33 
of the 1994 patent application recites, "The ligand according to claim 31 
comprising a label." (See the Preliminary Amendment at p. 18.) Since claims in 
a patent application define the invention for which patent applicants seek patent 
protection, it is absolutely clear to the reader from claims 31 and 33 of the 
1994 application that the inventors considered an Flt4 ligand which includes a 
label to be an aspect of their invention. The property of being "detectable" is 
understood in the art to be inherent in a "label." (The purpose of a label is to 
provide a means for detecting the substance that carries the label.) Moreover, 

this understanding is confirmed by clsimr 2 A . 2nd 35 of the 1QQ i - 

which are directed to methods which involve "detecting" the labeled ligand. 
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(See the Preliminary Amendment at p. 19.) Thus, the 1994 application 
reasonably conveys to me that the inventors had possession of the subject 
matter of claim 19 of the 1995 application, at the time that the 1994 application 
was filed. 

8. I conclude that the subject matter of claim 17 of the 1995 
application is described in the 1994 application in a manner which apprises the 
reader that the inventors had possession of aconcept of what is claimed. Claim 
17 is similar to claim 1 of the 1995 application and additionally recites that the 
polypeptide is "purifyable from conditioned media from a PC-3 prostatic 
adenocarcinoma cell line, said cell line having ATCC CRL No. 1435, using an 
affinity purification procedure wherein the affinity purification matrix comprises 
a polypeptide comprising the extracellular domain of Flt4 receptor tyrosine 
kinase." These additional properties are explicitly described in the 1994 
application in Examples 12 and 15: Example 12 teaches that conditioned media 
from the PC-3 prostatic adenocarcinoma cell line (ATCC CRL 1435) produces a 
soluble ligand for Flt4 that binds to recombinant Flt4 extracellular domain and 
that can be purified using the Flt4 EC domain in affinity chromatography (see 
the Preliminary Amendment at pp. 8-1 1); Example 15 describes such affinity 
chromatography, {/d. at p. 15.) Thus, the 1994 application reasonably conveys 
to me that the inventors had possession of the subject matter of claim 17 of the 
1995 application, at the time that the 1994 application was filed. 

9. I conclude that the subject matter of claim 14 of the 1995 
application is described in the 1994 application in a manner which apprises the 
reader that the inventors had possession of a concept of what is claimed. Claim 
14 recites, "A purified and isolated polypeptide which is capable of binding to 
Flt4 receptor tyrosine kinase and stimulating FIt4 phosphorylation in mammalian 
cells expressing Flt4 receptor tyrosine kinase." Descriptive support in the 1994 
application for "a purified and isolated polypeptide which is capable of binding 
to Flt4 receptor tyrosine kinase" is discussed above with respect to claim 1. 
(See paragraph 6, above.) Example 12 in the 1994 application teaches that the 
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Flt4 polypeptide ligand stimulates Flt4 tyrosine phosphorylation in mammalian 
cells that express Flt4 receptor tyrosine kinase. (See the Preliminary 
Amendment at pp. 8-1 1; see also p. 6 ("In a preferred embodiment of the 
invention, conditioned medium from the PC-3 cell line comprises a protein or 
fragment thereof, which is capable of stimulating the FIt4 receptor....").) Thus, 
the 1994 application reasonably conveys to me that the inventors had 
possession of the subject matter of claim 14 of the 1995 application, at the 
time that the 1994 application was filed. 

10. It is fundamental biochemistry that polypeptides are organic 
chemical compounds, albeit sometimes large and complex ones. Like all organic 
chemical compounds, polypeptides may be characterized by any of several 
inherent physical properties, such as molecular formula and molecular weight. 
Such physical properties are inherent characteristics of organic molecules in that 
they are intrinsic properties of the molecules. Because polypeptides are 
themselves composed of covalently-bonded chains of smaller organic moieties 
called amino acids (of which there are about 20 naturally occurring), it is 
conventional to express the molecular formula of polypeptides as an amino acid 
sequence. The amino acid sequence of any polypeptide is an inherent property 
of that polypeptide. 

1 1. Certain claims in the 1995 application recite subject matter 
that is described in the 1994 application, and also recite certain inherent 
properties of that subject matter. 

A. For example, claims 1 3 recites a polypeptide having all of the 
characteristics described in claim 1 and further recites that the 
polypeptide has "an apparent molecular weight of approximately 23 kD as 
assessed by SDS-PAGE under reducing conditions." The subject matter 
of claim 1 is described in the 1994 application. (See paragraph 6, 
above.) The approximate 23 kD molecular weight that is recited in claim 
1 3 is an inherent property of an FIt4 ligand that the 1 994 application 
teaches one how to purify from the PC-3 conditioned medium. (See the 



1995 application at pp. 18-19 (teaching that the Flt4 ligand that was 
affinity purified from PC-3 medium had an apparent molecular weight of 
about 23 kD as assessed by SDS-PAGE under reducing conditions).) 

B. Claim 15 recites a polypeptide having all of the characteristics 
described in claim 14 and further recites that the polypeptide comprises 
"an amino acid sequence set forth in SEQ ID NO: 13." The partial amino 
acid sequence set forth in SEQ ID NO: 13 of the 1995 application is an 
inherent property of an Flt4 ligand that the 1994 application teaches one 
how to purify from the PC-3 conditioned medium. (See the 1995 
application at p. 19, lines 9-19 (teaching that Flt4 ligand that was affinity 
purified from PC-3 medium had an amino terminal amino acid sequence 
set forth in SEQ ID NO: 1 3).) 

C. Claim 16 recites a polypeptide having all of the characteristics 
described in claim 13 and further recites that amino acids 2 through 18 of 
the polypeptide have an amino acid sequence corresponding to amino 
acids 2 through 18 set forth in SEQ ID NO: 13. Thus, for the reasons 
described above with respect to claims 13 and 15 (in Parts A and B), the 
features recited in claim 16 are inherent properties of an Flt4 ligand that 
the 1 994 application teaches one how to purify from PC-3 conditioned 
medium. 

D. Claim 23 recites a polypeptide having all of the characteristics 
described in claim 14 and further recites that the polypeptide has "an 
apparent molecular weight of approximately 23 kD as assessed by SDS- 
PAGE under reducing conditions." The subject matter of claim 14 is 
described in the 1994 application. (See paragraph 9, above.) The 
approximate 23 kD molecular weight further recited in claim 23 is an 
inherent property of an Flt4 ligand that the 1 994 application teaches one 
how to purify from a PC-3 conditioned medium, as discussed in Part A 
above with respect to claim 1 3. 

The foregoing is not intended to constitute a complete list of those claims which 
recite inherent properties of an Flt4 ligand described in the 1994 application. 
For example, the 1995 application teaches a cDNA nucleotide sequence and a 
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deduced amino acid sequence of a precursor of a 23 kD FIt4 ligand taught in the 
1994 application. (See, e.g., 1995 application at p. 5, lines 13-20.) Thus, 
according to the 1995 application, an inherent property of an Flt4 ligand taught 
in the 1994 application is that the ligand has an amino acid sequence 
comprising a portion of SEQ ID NO: 33 that is effective to permit binding to Rt4 
receptor tyrosine kinase and stimulate phosphorylation thereof. These 
properties are recited in several. claims of the 1995 application other than those 
specifically discussed above. 

12. The 1994 application teaches the reader how to purify and 
isolate an Flt4 ligand from conditioned medium of a prostatic cell line, using an 
affinity chromatography method: 

A. Example 1 2 in the 1994 application teaches the reader how to 
prepare a conditioned medium comprising an Flt4 ligand by culturing the 
PC-3 prostatic adenocarcinoma cell line (ATCC CRL 1435) for seven days 
in F12 medium in the absence of serum, and then clarifying the medium 
by centrifugation. (See the Preliminary amendment at p. 8.) Example 4 in 
the 1995 application contains a similar teaching. 

B. Example 12 in the 1994 application contains experimental data 
proving that the PC-3 conditioned medium contains a ligand that is 
capable of stimulating tyrosine phosphorylation of Flt4 receptor tyrosine 
kinase, in cells expressing Flt4 receptor tyrosine kinase. (See the 
Preliminary Amendment at pp. 8-11.) Moreover, Example 12 in the 1994 
application characterizes the Flt4 ligand as a moiety of at least 10,000 
molecular weight, and teaches that the medium can be concentrated with 
a commercially available Centricon-10 concentrator, in order to increase 
Flt4 ligand activity. (Preliminary Amendment at p. 11.) 

C. Example 12 further teaches that treatment of the concentrated 
PC-3 conditioned medium with Flt4 extracellular domain fragment coupled 
to Sepharose beads (a solid support) will remove the Flt4 ligand from the 
conditioned medium. (See the Preliminary Amendment at p. 11 
(pretreatment of the concentrated conditioned medium with Flt4EC- 



Sepharose abolished the ability of the conditioned medium to stimulate 
Flt4 phosphorylation).) This teaching provides direct evidence that the 
ligand of the invention binds to the extracellular domain of Flt4, and thus 
that the ligand can be purified using the recombinant Flt4 extracellular 
domain in affinity chromatography. 

D. Example 14 of the 1994 application teaches how to make 
recombinant Flt4 extracellular domain protein to use in an affinity 
chromatography matrix to purify the Flt4 ligand. (See, e.g., the 
Preliminary Amendment at p. 13.) Example 3 of the 1995 application 
contains a similar teaching. 

E. Example 15 of the 1994 application teaches how to purify the 
Flt4 ligand using affinity chromatography procedures. In one of the 
procedures, the affinity matrix is Flt4 extracellular domain protein that has 
been cross-linked to CNBr-activated Sepharose 4B {a commercially 
available solid support that is useful for generating an affinity matrix). 
The reader in 1994 would have understood that affinity purification 
involves contacting the ligand-containing solution with the affinity matrix 
to permit binding between the ligand and the affinity matrix; washing the 
affinity matrix to remove unbound impurities; and eluting the ligand with 
an eluting solution. Typically, all fractions removed from the matrix 
(wash fractions and elution fractions) are assayed to determine in which 
fractions the ligand of interest has eluted. Example 1 5 of the 1 994 
application teaches to use an Flt4 phosphorylation assay to determine 
which chromatography fractions contained the Flt4 ligand. (See the 
Preliminary Amendment at p. 15.) The phosphate buffered saline and 
phosphate buffer wash solutions that were actually used (see the 1995 
application at Example 5, p. 18) are typical wash solutions for a protein 
affinity chromatography. Moreover, the reader would have known that 
varying parameters such as ionic strength, pH, and the 
hydrophilic/hydrophobic character of the eluting solutions are 
conventional methods for eluting a compound of interest from an affinity 
chromatography column. Thus, the details in Example 15 of the 1994 
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application enable the reader to purify the Flt4 ligand by affinity 
chromatography. 

F. The 1994 application teaches to subject the FIt4 ligand material 
that is eluted from the affinity column to further purification, using ion 
exchange and reverse-phase high pressure chromatography and SDS- 
polyacrylamide gel electrophoresis. (See the Preliminary Amendment at p. 
1 5.) While the reader would have been able to perform all three of these 
conventional techniques, it is clear from the results reported in the 1995 
application that sufficiently pure Flt4 ligand is obtained (e.g., sufficiently 
pure for amino acid sequencing) simply with the affinity purification 
followed by the SDS-PAGE procedure. (See the 1995 application at 
Example 5, pp. 17-19.) The ion exchange and reverse-phase 
chromatography were unnecessary. 
Thus, the 1994 application teaches the reader how to purify and isolate an FIt4 
ligand. The 1995 application describes results of such a purification, thereby 
demonstrating that the affinity purification method taught in the 1 994 
application works successfully. 

13. The 1994 application teaches several uses for purified Flt4 
ligand. These uses include: 

A. Isolating a gene encoding the Flt4 ligand by microsequencing 
the purified ligand to determine a partial amino acid sequence; generating 
oligonucleotide probes based on the amino acid sequence (See the 
Preliminary Amendment, Example 15, p. 15; and Example 12, pp. 11-12); 
using the oligonucleotides as hybridization probes or PCR primers to 
isolate a ligand-encoding cDNA clone from a cDNA library generated from 
PC-3 poly-A RNA {Id., Examples 16 and 17A, p. 16); 

B. use in an assay system to screen for inhibitors of FIt4 
Iigand/Flt4 receptor tyrosine kinase interaction (Preliminary Amendment at 
pp. 6 and 7); 
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C. regulating the growth, differentiation, and functions of 
endothelial cells, particularly lymphatic endothelia (Preliminary 
Amendment at p. 7); 

D. generating antibodies against the Flt4 ligand (Preliminary 
Amendment at p. 7); 

E. use in an assay to detect the presence of FLT4 receptor 
tyrosine kinase (see the Preliminary Amendment at p. 19, claim 35); and 

F. use in an assay to detect endothelial cell proliferation (id. , claim 

34). 

14. With respect to my conclusions in paragraphs 6-13, above, I 
believe that the reader of ordinary skill in the field in 1994 who reviewed the 
1994 application would have reached the same conclusions: that the inventors 
had possession of a concept of what is now being claimed in the present 
application. Stated another way, the priority application reasonably would have 
conveyed to the skilled artisan that the inventors had possession of the Flt4 
ligand invention recited in claims of the 1995 application, of how to purify the 
ligand, and how to use the ligand. 

15. I hereby further declare that all statements made herein of my 
own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both under section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 

/ Date Carl-Henrik Heidin 
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examiner: Eva Dafgard, Karolinska Institute, Stockholm, February 1, 1991. 

Kristian Helin, University of Copenhagen, Denmark, June 25, 1991. 

Eva Jacobson, University of Stockholm, May 9, 1994. 

Pia Ljungquist-Hoddelius, University of Linkdping, Sept. 30, 1994. 
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Martin Ridderstrale, University of Lund, February 28, 1997. 

Mikael Ryden, Karolinska Institute, Stockholm, April 25, 1997. 
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Referee for Professor in Medical Biochemistry, Oulu, Finland, 1989. 
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Professor in Molecular Cell Biology, Helsinki, Finland, 1993. 

Professor in Molecular Cell Biology, Lund, Sweden, 1995. 
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conferences: and 1995 (in 1 1 1 as an invited lecturer). 

Co-organized 8 international meetings or courses between 1987 and 1995. 
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Member, Scientific Advisory Committee for Heinrich-Pette-Institut fur 
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Member, Coordinating Committee, European Science Foundation 
Network on Developmental Biology, 1989-1991. 

Member, Scientific Advisory Board, European Organization for Research 
and Treatment of Cancer, 1989- 199 1. 

Member, Priority Committee A, Swedish Cancer Society, 1989-1994. 

Vice Chairman, Priority Committee A and Member, Research Board, 
Swedish Cancer Society, 1995- 
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Member, Scientific Review Committee, Differentiation programme, 
EMBL, 1991 and 1995. 

Member. Priority Committee Chemistry L Swedish Medical Research 
Council, 1993-1994. 

Member, Scientific Review Committee, CRC Growth Factor Research 
Group, Oxford, 1993. 

Member, Expert Committee on Medical Bioscience, Foundation for 
Strategic Research, 1994-1996. 

Member, Scientific Review Committee, ICRF Laboratories, Institute of 
Molecular Medicine and Clinical Oncology Unit, Oxford, 1994. 
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Member, Advisory Board, Division of Cancer Biology, Danish Cancer 
Society, 1996- 

Member, Scientific Review Committee, Biocenter, Oulu, 1996. 
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Deputy Member, Board of the Faculty of Medicine, Uppsala University, 
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Member, Research Committee, Faculty of Medicine, Uppsala University, 
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Member, Committee to recommend organization of molecular biology at 
the University of Trondheim, Norway, 1995 

Associate Growth Factors, 1988- 

editon Molecular Biology of the Cell (formerly Cell Regulation), 1989- 

Cancer Research, 1993- 
Genes to Cells, 1995- 



Editorial European Journal of Biochemistry, 1987-1992 

boards: In Vitro Cellular and Developmental Biology, 1988- 

Progress in Growth Factor Research, 1988-1995 

Biochemistry, 1989-1992 

Journal of Vascular Medicine and Biology, 1989- 

Intemational Journal of Cancer, 1989- 

Oncogenes and Growth Factors Abstracts, 1989- 

EMBO Journal, 1990-1992 

European Journal of Cancer, 1990- 

Trends in Biological Sciences, 1990- 

Joumal of Vascular Research, 199 1- 

Pathogenesis, 1996- 

Journal of Cellular Physiology, 1996- 

Cytokine and Growth Factor Reviews, 1996- 

Journal of Cell Science, 1996- 
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Exhibit B 

1. (Twice amended) A purified and isolated polypeptide capable of 
binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase. 

2. (Amended) A purified and isolated polypeptide comprising an 
amino acid sequence shown in SEQ ID NO: 33. 

8. (Three times amended) A purified and isolated polypeptide 
capable of binding to an Flt4 receptor tyrosine kinase, said polypeptide 
comprising a portion of SEQ ID NO: 33 effective to permit such binding. 

9. (Twice amended) A polypeptide according to claim 8 having an 
apparent molecular weight of approximately 23 kD as assessed by SDS-PAGE 
under reducing conditions. 

12. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 2 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 

13. A polypeptide according to claim 1 having an apparent 
molecular weight of approximately 23 kD as assessed by SDS-PAGE under 
reducing conditions. 

14. (Amended) A purified and isolated polypeptide which is 
capable of binding to Flt4 receptor tyrosine kinase and stimulating Flt4 
phosphorylation in mammalian cells expressing Flt4 receptor tyrosine kinase. 

15. A purified and isolated polypeptide according to claim 14, said 
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 13. 
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16. (Amended) A purified and isolated polypeptide capable of 
binding with high affinity to the extracellular domain of FIt4 receptor tyrosine 
kinase and having an apparent molecular weight of approximately 23 kD as 
assessed by SDS-PAGE under reducing conditions, wherein amino terminal 
amino acids 2 through 18 of said polypeptide have an amino acid sequence 
corresponding to amino acids 2 through 18 set forth in SEQ ID NO: 13. 

17. (Twice amended) A purified and isolated polypeptide capable 
of binding with high affinity to the extracellular domain of Flt4 receptor tyrosine 
kinase, said polypeptide being purifyable from conditioned media from a PC-3 
prostatic adenocarcinoma cell line, said cell line having ATCC CRL No. 1435, 
using an affinity purification procedure wherein the affinity purification matrix 
comprises a polypeptide comprising the extracellular domain of Flt4 receptor 
tyrosine kinase. 

19. A polypeptide according to claim 1 further comprising a 
detectable label. 

20. A polypeptide according to claim 8 which is capable of binding 
the extracellular domain of Flt4 receptor tyrosine kinase with high affinity and 
stimulating Flt4 phosphorylation in mammalian cells expressing Flt4 receptor 
tyrosine kinase. 

21. (Amended) A polypeptide according to claim 17 further 
comprising a detectable label. 

22. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 1 7 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 
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23. A polypeptide according to claim 14 having an apparent 
molecular weight of approximately 23 kD as assessed by SDS-PAGE under 
reducing conditions. 

24. A polypeptide according to claim 14 comprising a portion of 
SEQ ID NO: 33 effective to permit binding to Flt4 receptor tyrosine kinase and 
stimulation of Flt4 phosphorylation in mammalian cells expressing FIt4 receptor 
tyrosine kinase. 

25. (Amended) A pharmaceutical composition comprising a 
polypeptide according to claim 1 6 in a pharmaceutically-acceptable diluent, 
adjuvant, or carrier. 

26. A polypeptide according to claim 8 wherein said portion of 
SEQ ID NO: 33 effective to permit such binding is a continuous portion of SEQ 
ID NO: 33 within amino acids 1-180 of SEQ ID NO: 33. 

27. A polypeptide according to claim 8 wherein the amino 
terminus of said portion effective to permit such binding corresponds with 
position 34 of SEQ ID NO: 33. 

28. A polypeptide according to claim 16 further comprising a 
detectable label. 
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A reference relevant to the examination of this application will 
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the availability of the reference. Applicants will be notified 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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and Vladimir Joukov 
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Sir: 

Submitted herewith are a Form PTO-1449 listing several documents, 
together with a copy of each listed document. The Applicants respectfully request that 
these documents be made of record and considered by the Examiner in the above-identified 
application. 

Documents A1-A4 are U.S. priority documents of published PCT 
applications that are now publically available from WIPO. 
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European Patent Office in an International Search Report for a related PCT application. A 
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Documents C115-C148 pertain to sequences, such as ESTs, that have been 
posted in the Genbank Database, where the sequences should be available in computer 
readable form. 

This Supplemental Information Disclosure Statement is not intended to be an 
admission that a search has been made, that other relevant art does not exist, or that any of 
the information disclosed herein constitutes prior art under 35 U.S.C. §102 or §103. 



The Commissioner is authorized to charge any fee required by this paper to 



Deposit Account No. 1 3-2855. A copy of this paper is enclosed. 
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Genbank N31720, "yyl5dl2.sl Homo sapiens cDNA clone 271319 3\" 
Deposited by Hillier, L. et al Dated 10-Jan-1996 
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Genbank AA406492, n zvl2g06.rl Soares NhHMPu SI Homo sapiens cDNA 
clone 75366 5\" Deposited by Hillier, L. et al Dated 17-May-1997 






C120 


Genbank N50972, "yy94b08.sl Homo sapiens cDNA clone 281175 3*," 
Deposited by Hillier, L. et al Dated 14-Feb-1996 
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Genbank AA421713, "zu24b03.sl Soares NhHMPu SI Homo sapiens cDNA 
clone 738893 3\" Deposited by Hillier, L. et al Dated 16-Oct-1997 | 
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-Genbank N94399, M zb76f04.sl Soares senescent fibroblasts NbHSF Homo 
sapiens cDNA clone 309535 3\" Deposited by Hillier, L et al. Dated 20-Aug- 
1996 . 
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Genbank H05177, w yl85b08.rl Homo sapiens cDNA clone 44993 5 Y Deposited 
by Hillier, L. et al. Dated 21-Jun-1995 
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Genbank AA425303, M zw46b06.sl Soares total fetus Nb2HF8 9w Homo sapiens 
cDNA clone 773075 3% mRNA sequence," Deposited by Hillier, L. et al. Dated 
16-Oct-1997 
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Genbank Z40230, "H. sapiens partial cDNA sequence; clone c-lwfll, n Deposited 
by Genexpress. Dated 21-Sep-1995 






C131 


Genbank Z44272, "H. sapiens partial cDNA sequence; clone c-lwfll," Deposited 
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Genbank H96533, O yw04bl2.rl Soares melanocyte 2NbHM Homo sapiens cDNA 
clone 251231 5' " Deposited by Hillier, L. et al. Dated 25-Nov-1996 






C135 
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PATENT 
28967/32863 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Alitalo et al. ) 

Serial No: 08/510,133 ) 

Filed: August 1, 1995 ) 

Title: Receptor Ligand ) 

Group Art Unit: 1646 ) 

Examiner: Christine Saoud ) 



The undersigned attorney of record in the above-identified application 
hereby appoints as associate attorney(s): 



Frank S. DiGiglio (Reg. No. 31.346) 
Scully, Scott, Murphy & Presser 
400 Garden City Plaza 
Garden City, New York 11530 
(516) 742-4343 



to prosecute this application, to make alterations or amendments therein, and to 
transact any and all business in the Patent and Trademark Office connected 
therewith. 



ASSOCIATE POWER OF ATTORNEY 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



MARSHALL. OTOOLE, GERSTEIN. 
MURRAY & BORUN 




David A. Gass 
Registration No. 38,153 



June 22, 2000 



PATENT 

HE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): ) Title: RECEPTOR LIGAND 

Alitalo.et al. ) 

Serial No: 08/510,133 ) Group Art Unit: 1646 

Filed: August 1 , 1 995 ) Examiner: Christine Saoud 

AMENDMENT TRANSMITTAL 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Transmitted herewith is an amendment for the above application. 



CERTIFICATE OF MAI LING f37 CFR 1.8) 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first class mail, postage prepaid, on July 24, 2000, in an 
envelope addressed to the Assistant Commissioner for Patents. Washington, D.C. 20231. 




David A. Gass 



1. Small Entity Status 

Verified statement(s) claiming small entity status is(are) attached. 
H Small entity status has been established and is still effective. 
Has not been established. 



2. Fee for Claims 

The fee for additional claims [{37 CFR 1 .16(b)-(d)] has been calculated as shown below: 





SMALL ENTITY 


OTHER THAN A 
SMALL ENTITY 




Claims 
Remaining 

After 
Amendment 


Highest No. 
Previously Paid For 


Present 
Extra 


Rate 


Additional 
Fee. 


Rate 


Additional 
Fee 


TOTAL 


29 


MINUS 


23 


= 6 


X9= 


$54.00 


X18= 


$ 


INDEP. 


4 


MINUS 


5 


- 0 


X39- 


SO 


X78= 


$ 


□ First Presentation of Multiple Dependent Claim 


+130= 


$ 


+260= 


$ 


TOTAL ADDITIONAL FEE 


$54.00 


OR 


$ 



3. Method of Payment of Fees 



H Attached is a check in the amount of: $ 54 00 

a Charge Deposit Account No. 1 3-2855 

in the amount of: $ 

A copy of this Transmittal is enclosed. 

4. Deposit Account and Refund Authorization 

b The Commissioner is hereby authorized to charge any deficiency in the amount endoSed or any 
additional fees which may be required during the pendency of this application under 37 CFR 
1 .1 6 or 1 .1 7 to Deposit Account No. 1 3-2855. A copy of this Transmittal is enclosed. 

® Please refund any overpayment to Marshall, OToole, Gerstein, Murray & Borun at the address 
below. 

Respectfully submitted. 

MARSHALL, OTOOLE. GERSTEIN, - 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

(312)474-6300 
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Serial No: 08/510,133 
Filed: August 1, 1995 
Title: Receptor Ligand 
Group Art Unit: 1646 
Examiner: Christine Saoud 



I hereby certify that this paper is being 
deposited with the United States Postal 
Service with sufficient postage as first 
class mail, postage prepaid, in an 
envelope addressed to: Assistant 
Commissioner for Patents, Washington, 
D.C., 20231 on this date: 

Date: July 24, 2000 



David A. Gass 
Registration No. 38,153 
Attorney for Applicants 



AMENDMENT AND REPLY PURSUANT TO 37 C.F.R. §§1.111 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 

In an Office action mailed April 26, 2000, the Patent Office rejected 
claims 1, 2, 8, 9, 12-17, and 19-28 variously under 35 USC §102 and 112, first 
paragraph. The Applicants respectfully request reconsideration in light of the 
following amendments and remarks. 





/ X AMENDMENTS 

iKthe claims: 

I Please cancel all pending claims 1-2, 8-9, 12-17, and 19-28; and add 

jnew claims 29-57 as shown below: 



-^f. A purified and isolated polypeptide capable of binding to an Flt4 
receptor tyrosine kinase, said polypeptide comprising a portion of amino acids 1-180 
of SEQ ID NO: 33 effective to" permit such binding, said polypeptide lacking all of 
amino acids of SEQ ID NO: 33 beyond position 180. 



A pharmaceutical composition comprising a polypeptide 
according to claim 20 in a pharmaceutically-acceptable diluent, adjuvant, or carrier. 



I. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising administering to a person in need of modulation of Flt4 
receptor tyrosine kinase activity a composition according to claim 3&T 

I 



4 



3/. A polypeptide according to claim ^9 further comprising a 



detectable label. 



5. 



^3J5. A purified and isolated polypeptide according to claim 2p that 
binds Flt4 and stimulates FIt4 phosphorylation in mammalian cells expressing Flt4. 

3ft. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising contacting cells that expres^ human Flt4 receptor 
tyrosine kinase with a polypeptide according to claim ^9. 



A purified and isolated polypeptide capable of binding with high 
affinity to the extracellular domain of Flt4 receptor tyrosine kinase (FU4), wherein the 
polypeptide comprises a portion of SEQ ID NO: 33 effective to permit such binding, 
and wherein the polypeptide has an apparent molecular weight of approximately 23 
kD as assessed by SDS-PAGE under reducing conditions. 



- 2 - 



36. A pharmaceutical composition comprising a polypeptide 
according to claim 30 in a pharmaceuticaily-acceptable diluent, adjuvant, or carrier. 



A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising administering to a person in need of modulation of FIt4 
receptor tyrosine kinase activity a composition according to claim ^6. 

ID 7 

yg. A purified and isolated polypeptide according to claim that 
binds FIt4 and stimulates Fit4 phosphorylation in mammalian cells expressing Flt4. 

11. A method of modulating the activity of human Flt4 receptor 



tyrosine kinase comprising contacting cells that express^urnan Flt4 receptor 
tyrosine kinase with a polypeptide according to claim 3#. 



ix /0 

4J0. A purified and isolated polypeptide according to claim said 
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 13. 

i^. A polypeptide according to claim ^further comprising a 



detectable label. 



i9 7 

4m A polypeptide according to claim ^6 wherein said portion of 



f 

SEQ ID NO: 33 effective to permit such binding is a continuous portion of SEQ ID 
NO: 33 within amino acids 1-180 of SEQ ID NO: 33. 

4f!>. A polypeptide according to claim ^6 wherein the amino terminus 
of said portion effective to permit such binding corresponds with position 34 of SEQ 
ID NO: 33. 

lb 

£4. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising contacting cells that expresshuman Flt4 receptor 

■ - - - - -n- 1 rhim "\S\ 

LyiUbllie M1I03CT VVIUI a pVw»r y pv,p «.i\jv^ .w. .J, — j 
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^(J. A purified and isolated polypeptide comprising a human 
polypeptide capable of binding with high affinity to the extracellular domain of Flt4 
receptor tyrosine kinase and having an apparent molecular weight of approximately 
23 kD as assessed by SDS-PAGE under reducing conditions, wherein amino 
terminal amino acids 2 through 18 of said human polypeptide have an amino acid 
sequence corresponding to amino acids 2 through 18 set forth in SEQ ID NO: 13. 

/* 

yg. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising contacting cells that expressJiuman Flt4 receptor 
tyrosine kinase with a polypeptide according to claim 45. 

4^. A purified and isolated polypeptide according to claim ^/that 
binds Flt4 and stimulates Flt4 phosphorylation in mammalian cells expressing Flt4. 

A pharmaceutical composition comprising a polypeptide 
according to claim <$\n a pharmaceutically-acceptable diluent, adjuvant, or carrier. 

-21 

^0. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising administering to a person in need of modulation of Flt4 
receptor tyrosine kinase activity a composition according to claim 4^ 

Ijp. A polypeptide according to claim $5 further comprising a 
detectable label. 

$<\. A purified and isolated polypeptide capable of binding with high 
affinity to the extracellular domain of Flt4 receptor tyrosine kinase, wherein said 
polypeptide has an apparent molecular weight of approximately 23 kD as assessed 
by SDS-PAGE under reducing conditions and is purifyable from conditioned media 
from a PC-3 prostatic adenocarcinoma cell line, said cell line having ATCC CRL No. 
1435, using an affinity purification procedure wherein the affinity purification matrix 
comprises a polypeptide comprising the extracellular domain of Flt4 receptor 
tyrosine kinase. 
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$6. A polypeptide according to claim which is capable of 
stimulating Flt4 phosphorylation in mammalian cells expressing Flt4 receptor 
tyrosine kinase. 

OS 

A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising contacting cells that express^uman Flt4 receptor 
tyrosine kinase with a polypeptide according to claim 52. 



J3 

A polypeptide according to claim further comprising a 



detectable labeL 

X\ 

A pharmaceutical composition comprising a polypeptide 
according to claim 5/T in a pharmaceuticaily-acceptable diluent, adjuvant, or carrier. 

- 2% 

A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising administering to a person in need of modulation of FIt4 
receptor tyrosine kinase activity a composition according to claim £6. 

2-1 

5/. A method of modulating the activity of human Flt4 receptor 
tyrosine kinase comprising contacting cells that express^human Flt4 receptor 
tyrosine kinase with a polypeptide according to claim 



REMARKS 

I. Prosecution History. 

The application as filed contained twelve claims. In a preliminary 
amendment (Paper No. 10) dated August 12, 1996, claims 1-4, 6, 8-9. and 12 were 
amended, and claims 13-19 were added to the application. In an amendment dated 
February 10, 1997, the applicants canceled claims 10 and 18, amended claims 1, 8, 
9, 14, and 17, and added new claims 20-25. In an amendment dated June 11, 
1997, the applicants canceled claims 3-7 and 11, amend claims 8, 16. 17, 21, 22. 
and 25, and add new claims 26-28. Thereafter, the Patent Office suspended 
prosecuiion for mure man 2>i yea un il ic y rounds tnat z rc Jeveni reference "may 
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soon become available." After numerous written and telephonic status inquiries by 
the undersigned attorney, the Patent Office resumed prosecution and issued the 
outstanding Office Action. 

In the present amendment, the Applicants cancel all pending claims;' 
and add new claims 29-57. Thus, upon entry of the foregoing amendments, claims 
29-57 are pending. The following table correlates new and old claim numbers. 



Current 
| Claim 


Previous 
Claim 


Comments 


29 


8 


» i .t„n A, tKat rlqimfH nnlvnpntide does not 

Amended to ciamy inai cianncu jjuiypc^uut VJV -""- J 

include a large carboxy-terminal portion of SEQ ID NO: 33 


30 


12 




31 


New 


Method of using elected product 


32 


19 




33 


14 




34 


New 


Method of using elected product 


35 


9 


Amended to include limitations relating to high affinity 
binding and amino acid sequence (SEQ ID NO: 33) 


36 


12 




37 


New 


Method of using elected product 


38 


14 




39 


New 


Method of using elected product 


40 


15 




41 


19 




42 


26 




43 


27 




44 


New 


Method of using elected product 



1 In an interview with the undersigned on June 22 2000, the Examiner 
requested that the claims be presented in a renumbered claim set. 



Current 


Previous 




Claim 


Claim 


Comments 


45 


16 


Amended to recite "human" 


46 


New 


Method of using elected product 


47 


14 




48 


25 




49 


New ■ 


Method of using elected product 


50 


28 




51 


17& 13 




52 


20 




53 


New 


Method of using elected product 


54 


21 




55 


22 




56 


New 


Method of using elected product 


57 


New 


Method of using elected product 



II. Explanation of amendments 

Most of the amendments to the claims merely represent a 
consolidation of the claims for the purpose of conciseness and clarity. For example, 
words or phrases that have been added to claims have, for the most part, been 
taken from other claims that have been canceled. Many of the dependent claims 
are repetitive (but depend from different independent claims). 

The amendment to independent claim 45 (formerly 16) to recite 
"human" finds support throughout the application, because Examples in the 
application describe the isolation and characterization of a human cDNA and 
protein. 

The Applicants do not intend by these or any other amendments to 
abandon the subject matter or any ciaim as uiiyifially f.!cd cr bier present*^. *nd 
reserve the right to pursue such subject matter in continuing applications. 
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New claims 30, 32, 33, and 47 are dependent claims analogous to 
other dependent claims that had been pending in the application. (See Table.) 
Claims 31, 34, 37, 39, 44, 46, 49, 53, 56, and 57 are dependent method claims 
which the Applicants request to have favorably considered with their parent 
polypeptide and composition claims, upon allowance of those claims, consistent with 
the Patent Office's policy announced at 11 84 OG 86 (March 26, 1996). Support for 
the dependent process claims is found throughout the application, including at 
pages 6-7. 

III. The Patent Office's rejection of claims 1, 13-17, 19, 20-22, 23, 25, and 28 
under 35 U.S.C. §112, first paragraph, for lack of written description 
should be withdrawn. 

The Patent Office rejected claims 1, 13-17, 19, 20-22, 23, 25. and 28 

under 35, U.S.C. §112, first paragraph, alleging that these claims contain subject 

matter which was not described in the specification in a way that reasonably 

conveys to one skilled in the relevant art that the inventors, at the time the 

application was filed, had possession of the claimed invention. The Applicants 

respectfully traverse. 

A. The rejection of claims 1 14 1 5. 19. and 23 has been rendered moot. 
The scope of the rejection has been narrowed by the amendments set 
forth above. Specifically, the Applicants have canceled rejected claims 1 and 23. 2 
Several of the other rejected claims (e.g., claims 14, 15, 19 - now embodied in 
claims 33. 38, 40, 41 , and 47- have been amended to depend (directly or indirectly) 
from claims 29 and 35 (which are similar to claims 8 and 9), which the Patent Office 
had acknowledged contain sufficient limitations to satisfy the written description 
requirement). The rejection of claims 14, 15, and 19 should therefore be withdrawn. 



The Patent Office's main allegation^ support 'ts reief ion is th at The 
broadest claim only requires the polypeptide to be capable , of b'™'^ 
extracellular domain of human Flt4 receptor tyrosine for 
limitations of the dependent claims fail to provide the .structure \XS^?^^So^ r 
this receptor binding or for receptor activation (an f^rto^ 
(Office action at p. 3.) As explained above, claim 1 (the claim that required only 
binding) has been canceled without prejudice. 
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B. The rejection of claims 13. 16. 17. 20-22. 25. and 28 should be 
withdrawn. 

Claims 45 and. 51 (which correspond with rejected claims 16 and 17) 
are the two independent claims of the remaining claims that stand rejected (13, 16, 
17, 20-22, 25, and 28). As set forth below, the rejection of these claims (and their 
dependent claims) also should be withdrawn. 

As part of the basis for its rejection, the Patent Office expressed 
concern that the claims encompassed non-human polypeptides and anti-flt4 
antibody peptides. While the Applicants believe they are entitled to claim both of 
these categories of polypeptides in their patent applications, these concerns are 
moot with respect to the rejected claims. Claim 45 (which replaces claim 16) recites 
"A purified and isolated polypeptide comprising a human polypeptide capable of 
binding with high affinity to the extracellular domain of Flt4 receptor tyrosine kinase 
and having an apparent molecular weight of approximately 23 kD as assessed by 
SDS-PAGE under reducing conditions, wherein amino terminal amino acids 2 
through 18 of said polypeptide have an amino acid sequence corresponding to 
amino acids 2 through 18 set forth in SEQ ID NO: 13." The recitation "human" 
negates the Patent Office's allegation that the claim encompasses polypeptides 
from other species, and the recitation of the amino sequence in SEQ ID NO: 13 
would reasonably be expected to exclude anti-FIt4 antibodies, because the 
sequence of SEQ ID NO: 13 was not obtained from an antibody. 

Claim 51, which replaces claim 17, recites, "A purified and isolated 
polypeptide capable of binding with high affinity to the extracellular domain of Flt4 
receptor tyrosine kinase, wherein said polypeptide has an apparent molecular weight 
of approximately 23 kD as assessed by SDS-PAGE under reducing conditions and 
is purifyable from conditioned media from a PC-3 prostatic adenocarcinoma cell line, 
said cell line having ATCC CRL No. 1435, using an affinity purification procedure 
wherein the affinity purification matrix comprises a polypeptide comprising the 
extracellular domain of Flt4 receptor tyrosine kinase." The Applicants respectfully 
submit that non-human polypeptides and anti-Flt4 antibodies are not purifyable from 
the PC-3 cell line. 

The Patent Office observed that, "In making a determination of 
whether the application complies with the written description requirement of 35 



U.S.C. 112, first paragraph, it is necessary to understand what Applicant has 

possession of and what Applicant is claiming." (Office action at p. 3.) However, 

when performing this analysis, the Patent Office then focused on nucleic acids: 

From the specification, it is clear that Applicant has possession 
of a nucleic acid molecule which encodes a protein which has 
the amino acid sequence of SEQ ID NO:33. This nucleic acid 
molecule has a nucleic acid sequence of SEQ ID NO:32 and is 
contained within. plasmid pFLT4-L (ATGC deposit #97231). 

(Id.) 

This decision to focus on nucleic acids suggests a possible misapprehension of the 
application, and a misapplication of "nucleic acid reasoning" to a polypeptide 
invention. 

A review of the application shows that the Applicants had possession 
of the polypeptides that they are claiming before having possession of the nucleic 
acid on which the Patent Office has focused. Examples 4-5 of the application teach 
that an Flt4 ligand was isolated and purified from the conditioned media from the 
PC-3 prostatic adenocarcinoma cell line. (Specification, pages 15-19.) An affinity 
purification procedure was described that employed the Flt4 extracellular domain, 
also described in the application. (See Examples 3-5.) The purified polypeptide had 
a molecular weight of approximately 23 KD (SDS-PAGE. reducing conditions) and 
stimulated Flt4 phosphorylation. (See specification, paragraph bridging pages 18- 
19.) The polypeptide was sufficiently pure to determine an amino-terminal sequence 
which is set forth in SEQ ID NO: 13. (See specification at page 19, first full 
paragraph.) The purpose of the written description requirement is to ensure than 
inventors are in possession of what they are claiming, and when one considers the 
teachings of the Applicants examples, summarized above, it is abundantly clear to 
the reader that the Applicant was in possession of what is being claimed herein 
(e.g., in claims 45 and 51 ). 3 

In the rejection, the Patent Office also examines whether the claims 
explicitly recite "limitations to provide function": 



3 Of course, the Application goes on to describe many more features of the 
invention, including the isolation ol a cDNA encoding the protein deduced amino 
acid sequence, and other properties. The entirety of the application supports broad 
genus claims which the Applicants intend to pursue in this application or related 
applications. 
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The claims lack structural limitations (i.e. claims 1, 14, 17. 19 
20 and 21 recite no structure at all other than a polypeptide) to 
provide the function of encoding a polypeptide which binds to 
the Flt4 receptor tyrosine kinase. Some of the claims include a 
molecular weight, however, this is not sufficient for providing the 
required function and some of the claims recite a portion of 
SEQ ID NO* 13 however, this amino acid sequence is still not 
sufficient for providing the receptor binding activity required by 
the claims. 

* * * 

mhe instant application fails to provide a written description of 
the species or the genus which are encompassed by the instant 
claims except for the polypeptide of SEQ ID NO:33. The 
specification does not provide a complete structure of those 
polypeptides which bind to the Flt4 receptor tyrosine kinase with 
high affinity. The claims also fail to recite other relevant 
identifying characteristics (physical and/or chemical and/or 
functional characteristics coupled with a known or disclosed 
correlation between function and structure) sufficient to 
describe the claimed invention in such full, clear, concise and 
exact terms that a skilled artisan would recognize applicant was 
in possession of the claimed invention. 

(Office action at pp. 4-5.) 
The Patent Office is reminded that 35 USC §1 12. first paragraph, sets forth 
minimum requirements for the specification, not for the claims. The purpose of 
patent claims is to particularly point out and distinctly claim the subject matter of the 
invention (§112, second paragraph), in a way that apprises the public of what is 
within the scope of the invention and what is not. The pending claims satisfy this 
requirement. 4 

For all of these reasons, the rejection for lack of written description 
should be withdrawn. 



su 

D 



No paragraph of Section 112 requires claim 'imitations to P^lVmhe" 35 
SSue^ 

recite variable region amino acid sequence or otherwise characterize the antibody 
variable region, except in functional terms. 
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IV The Patent Office's rejection of claims 1 , 12-17, 19, 21-23, 25, and 28 
under S U.S C. §1 12. first paragraph, for lack of enabling enclosure 
should be withdrawn. 

In paragraph 7 of the Office action, the Patent Office rejected claims 1 . 
12-17 19 21-23. 25. and 28 under 35 U.S.C. §112. first paragraph, alleging that 
"the specification, while being enabling for polypeptides comprising a contiguous 
portion of SEQ ID NO:33 which specifically bind to Flt4 receptor tyrosine k.nase. 
does not reasonably provide enablement for any polypeptide that specifically binds 
to Fit* receptor tyrosine kinase, or for those polypeptides that have a molecular 
weight of 23 kD and bind, or for those polypeptides which comprise ammo ac.d 
sequence SEQ ID NO:13 and bind. The specification does not enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and use the invention commensurate in scope with these claims." The 
Applicants respectfully traverse. 

A. Tha rQ jP rtinn of 1 1? 14-15. 1Q ^d ?3 has been rendered 
moot. 

The scope of the rejection also has been narrowed by the - 
amendments set forth above. Specifically, the Applicants have canceled rejected 
claims 1 and 23. 5 The new claims which correspond to several of the other rejected 
claims (e.g.. claims 12. 14. 15. 19) have been amended to depend (directly or 
indirectly) from claims 29 and 35 (which are analogous to claims 8 and 9. which the 
Patent Office had acknowledged to be enabled by the specification). The rejection 
of claims 12. 14. 15. and 19 should therefore be withdrawn. 

B. The rejection of Haims 13. 1K 17 71-72. 25 and 28 should be 
withdrawn. 

Claims 45 and 51 (which correspond with rejected claims 16 and 17) 
are the two independent claims of the remaining claims that stand rejected (13, 16. 



The Patent Office's main allegation in support of its rejection «s that The 
broadest claim only requires the polypeptide to ¥„^^Th?SSlffie^S 
extracellular domain of human Flt4 receptor tyrosine kinase The a«™onal 
limitations of the dependent claims fail o provide > the structure f r equ red tor 
this receDtor bindinq or for receptor activation (an additiona functional iimrcatiom. 
(oKIction at p 3.) As explained above, claim 1 . the cla.m that required only 
binding, has been canceled without prejudice. 
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17, 20-22, 25, and 28). As set forth below, the rejection of these claims (and their 
dependent claims) also should be withdrawn. 

As explained in detail in the arguments relating to written description, 
claim 45 recites "human" and claim 51 recites purifyable from a human cell line- 
Claim 45 also recites a partial amino acid sequence to further identify the human 
polypeptide. The claims recite that the polypeptides have Flt4 binding activity, and 
the specification demonstrates that Flt4 affinity chromatography can be used 
successfully to isolate the claimed polypeptides. 

The Patent Office urges that "The claims must recite sufficient 
structural elements to provide the recited functions, and one of ordinary skill in the 
art would not reasonably expect any 23 kD protein or protein which comprises SEQ 
ID NO:13 to bind to Flt4." The Applicants dispute that §112, first paragraph, 
contains any requirement of this sort. As explained above. 35 USC §1 12, first 
paragraph, sets forth minimum requirements for the specification, not for the claims. 
The purpose of patent claims is to particularly point out and distinctly claim the 
subject matter of the invention (§112, second paragraph), in a way that apprises the 
public of what is within the scope of the invention and what is not. It is not 
questioned that the pending claims satisfy this requirement. 

If one makes the inquiry under §112, first paragraph, of whether toe 
specification is enabling for the full scope of the claims, the answer is dearly 
affirmative. The Patent Office's rejection is clearly focused on the "how to make" 
aspect of the enablement requirement, and the present application teaches those 
skilled in the art several methodologies to make the subject matter of the invention, 
commensurate with the scope of claims 45 and 51 and dependent claims. For 
example, the patent application teaches that one can use affinity purification 
procedures to isolate the claimed polypeptide from cell sources. (The application 
also enables the production of antibodies to the receptor ligand that can be used for 
affinity purification procedures.) The application also teaches a human 
polynucleotide sequence that one can use to make polypeptides of the invention 
using the entire breadth of recombinant technologies known in the art. Additionally, 
because the application teaches a cDNA sequence, it enables one of ordinary skill in 
the art to screen any human source (human cell lines, human biological samples, 
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etc.) for allelic variants and the like, using, e.g., conventional hybridization 
procedures. Assuming that one uses this polynucleotide screening-based approach 
to identify polynucleotides that potentially encode alternative human alleles, the 
application also teaches Flt4 binding and activity assays to confirm that any novel 
sequences that one obtains, encodes, and expresses will satisfy the functional 
limitations of the claims. 

For all of these reasons, the claims in the application are 
commensurate in scope with the subject matter enabled by the specification, and 
the rejection under §1 12, first paragraph, for lack of enablement should be 
withdrawn. 

V. The rejection of claims 1-2, 8-9, 12-17, and 19-28 under 35 USC §102(e) 
as being anticipated by Hu et al. was improper, and should be 
withdrawn. 

The Patent Office rejected claims 1-2, 8-9, 12-17, and 19-28 under 35 
USC §102(e), alleging that the subject matter of these claims was anticipated by Hu 
et al., U.S. Patent No. 5,932,540: 

Hu et al. disclose a polypeptide. SEQ ID NO:2, which is 
capable of binding to the extracellular domain of human Flt4 
receptor tyrosine kinase and stimulating Flt4 phosphorylation of 
mammalian cells expressing FIt4 receptor tyrosine kinase (see 
claims 1-60). Therefore, the instant claims are anticipated by 
the prior art. 

With regard to claims 19, 21 , and 28 which include a 
detectable label, Hu et al. disclose the polypeptide linked to a 
detectable label at column 17, lines 60-65, thus meeting this 
limitation. 

(Office Action at pp. 9-10.) 
The Applicants respectfully traverse. 

At the outset, the Applicants dispute the Patent Office's 
characterization of Hu et al., because Hu et al. neither discloses nor suggests that 
any polypeptide binds Flt4. In fact, Hu et al. makes no mention of the Flt4 receptor 
whatsoever. 

The Applicants also dispute the Patent Office's implication that the 
scope or wording of the claims of the Hu et al. patent have any relevance to whether 
Hu et al is anticipatory under §102(e). The Hu et al. application was filed on 
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December 24, 1997, more than two years after the filing date of the present 
application, and after the publication of a PCT application based on the present 
application (See WO 97/05250, published February 13, 1997), and after the 
publication of the present inventors own work in prominent scientific journals that 
would have come to the attention of Hu et ai (See, e.g., Joukov er al., "A Novel 
Vascular Endothelial Growth Factor, VEGF-C, Is a Ligand for the F!t4 (VEGFR-3) 
and KDR (VEGFR-2) Receptor Tyrosine Kinases," EMBO J., 15(2): 290-298 (1996); 
and Joukov et al., "Proteolytic Processing regulates receptor specificity and activity 
of VEGF-C," EMBO J., 16(13): 3898-391 1 (1997).) Still more of the inventors' work 
was published in 1997-1999, during the pendency of the Hu et al. application, when 
Hu et al. had the opportunity to amend their claims. The relevant inquiry under 
§ 102(e) is the inquiry of what was "described in a patent granted on an application 
for patent by another filed in the United States before the invention thereof by the 
applicant for patent." This inquiry requires the Patent Office to ignore what was 
claimed in the Hu et ai. patent, which may have been tainted by knowledge of the 
present invention, as explained above. The relevant inquiry must focus only on what 
was described in those Hu et a!, priority applications that have a filing date that could 
have preceded the invention date of the applicants. 6 See, e.g.. In re Benno, 226 
USPQ 683, 686 (Fed. Cir. 1985) ("The scope of a patent's claims determines what 
infringes the patent; it is no measure of what it discloses. A patent discloses only 
that which it describes....") 

Moreover, the Patent Office has apparently ignored the axiom that 
anticipation of a claim under §102 can be found only if the prior art discloses every 
element of the claim. See, e.g., In re King, 801 F.2d 1324, 1326 (Fed. Cir. 1986). 
The claims (as pending and amended herein) recite features that are neither 
disclosed nor suggested by Hu et al., including the following features: 

(1) A polypeptide that binds Flt4, comprises a portion of the SEQ ID NO: 
33 amino acid sequence, and comprises a molecular weight of 



cno/ < Aphonia i cacive liie liuiti tu uispuie wiieiiici Hu ci <al. uuemucS aS a 

§1 02(e) reference on the grounds that Hu et al is not a patent granted on an 
application filed before the invention thereof by the applicant. 
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approximately 23 kD (see, e.g., claim 35 and claims dependent 
therefrom); 

(2) A polypeptide comprising a specified amino terminus defined with 
respect to SEQ ID NO: 13 (see, e.g., claims 45 and claims dependent 
therefrom, and claim 43); 

(3) A polypeptide that binds Fit4, and comprises a continuous portion of 

- SEQ ID NO: 33, said portion consisting of a portion within amino acids 
1-180 of SEQ ID NO: 33 (see, e.g., claims 29 and claims dependent 
therefrom and claim 42); and 

(4) A polypeptide of about 23 kD that, is purifyable from PC-3-conditioned 
medium using Flt4 affinity procedures, as recited in claim 51 and 
claims dependent therefrom; 7 

The Patent Office has not pointed to any description or suggestion in Hu et al. of any 
of these features, and in fact, Hu et al. neither describes nor suggests such features. 

Because all of the claims recite features that are neither disclosed nor 
suggested by Hu et al., the rejection under §102(e) must be withdrawn. 



7 It is clear from the Application (e.g., pp. 18-19 and Figure 7) that the 
polypeptide purifyable from PC3 medium is not prepro-VEGF-C, but rather, e.g., a 
23 kD form having an amino-terminal sequence corresponding to 
XEETIKFAAAHYNTEILK. 
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IV. Conclusion 

The Applicants respectfully request entry of the foregoing amendments 
and allowance of all of the pending claims in view of the foregoing remarks. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 



Dated: July 24, 2000 




David A. Gass 
Registration No. 38,153 
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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 
Alitaio et al. 

Serial No: 08/510.133 , ; 

' 

Filed: August 1, 1995 



Title: RECEPTOR LIGAND 

Group Art Unit: 1646 
Examiner: Christine Saoud 



AMENDMENT TRANSMITTAL 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Transmitted herewith is an amendment for the above application. 



CERTIFICATE OF MAILING ( 37 CFR 1.81 

I hereby certify that this paper and the documents referred to as enclosed therewith are being deposited 
with the United States Postal Service as first class mail, postage prepaid, on July 24, 2000, in an 
envelope addressed to the Assistant Commissioner for Patents. Washington, D.C. 20231. 



David A. Gass 



TECH CENTER 1600/2900P ATENT 
28967/32863 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Alitalo et al. 
Serial No. 08/510,133 
Filed: August U 1995 



For: RECEPTOR LIGAND 
Art Unit: 1646 
Examiner: Saoud, C. 



AMENDMENT AND STATEMENT PURSUANT TO 37 CJ.R. $1.825 

Group 1600 ' Z> 

Crystal Mall 1 ) 
7 th Floor Reception Desk ' ' , 

Washington, D.C. 2023 I '//V uy 

Sir: "'■ '\ 

The Applicants request entry of the following amendment in the above- 
identified patent application prior to issuance ofthc next action on the merits. 



Small Entity Status 

Verified statement(s) claiming small entity status is(are) attached. 
B Small entity status has been established and is still effective. 

Has not been established. 



Fee for Claims 

The fee for additional claims [(37 CFR 1.16(b)-(d)] has been calculated as shown below: 
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Additional 
Fee 
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29 
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23 
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554.00 
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5 
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X39= 


SO 


X78= 


$ 


n 




n of Multiple 


Deoendent Claim 


+ 130- 


s 


+260= 


S 


TOTAL ADDITIONAL FEE 


S54.00 


OR 


$ 



£ 54.00 



Method of Payment of Fees 

H Attached is a check in the amount of: 

O Charge Deposit Account No. 13-2855 

in the amount of: * 

A copy of this Transmittal is enclosed. 

Deposit Account and Refund Authorization 

The Commissioner is hereby authorized to charge any deficiency in the amount enclosed or any 
additional fees which may be required during the pendency of this application under 37 CFR 
1.16 or 1.17 to Deposit Account No. 13-2855. A copy of this Transmittal is enclosed. 

Please refund any overpayment to Marshall. OTooIe. Gerstein. Murray & Borun at the address 
below. 

Respectfully submitted, 

MARSHALL. OTOOLE. GERSTEIN, 
MURRAY & BORUN 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6402 
(312)474-6300 



By: 




July 24. 2000 



David A. Gass 
Reg. No: 38,153 



I AMENDMENTS 



Please amend the specification as follows: 

! At page 26, line 12, after "9723 1 .*\ please ;insert —A 1997 base pair nucleotide 



sequence and the deduced amino acid sequence of the cDNA insert of this deposited plasmid 
is set forth in SEQ ID NOS: 34 and 35, respectively.-- 



Please delete pages 30-40 of the specification, which comprise the original 
Sequence Listing, and substitute therefor new pages 30-44, filed herewith, which constitute a 
substitute Sequence Listing. In view of this amendment, please renumber the pages of claims 
and abstract beginning with "45" (to preserve consecutive page numbering). 

REMARKS 

The present amendment modifies the application by introducing a 1997 bp 
DNA and deduced amino acid sequence corresponding to a Budapest treaty (ATCC) cDNA 
deposit that is referred to at page 26 and elsewhere in the application. The amendment to 
introduce these sequences will benefit the interested public by producing additional relevant 
information about the invention in the issued patent. None of the pending claims recites SEQ 
ID NOS: 34 or 35. 

I hereby state that the content of the paper and computer-readable forms of the 
substitute Sequence Listing submitted herewith, for entry as part of the above-identified 
application, arc the same as each other and do not introduce new matter into the disclosure of 
the application. All of the sequence information embodied in the substitute Sequence Listing 
filed herewith finds support in the application as originally filed, as explained below: 

SEQ ID NOs: 1-33 of the original and substitute Sequence Listings are 
identical. Therefore, no new matter has been introduced in these sequences. 

SEQ ID NOs: 34-35 of the substitute Sequence Listing depict a 1997 base pair 
nucleotide sequence and a deduced amino acid sequence, respectively, of a cDNA that was 
deposited with the ATCC and cross-referenced at p. 26 of the patent application as filed. 
These sequences are inherent properties of the deposited plasmid and thus find support in the 
deposited plasmid itself. See Kennecott Corp. v. Kyocera International Inc. 5 U.S.P.Q.2d 
1 194 (Fed. Cir. 1 987) (The express description of an inherent property is not new matter and 
can be added to a specification with effect as of the original filing date); In re Lundak, 227 
U.S. PQ. 90 (Fed. Cir. 1985). The correlation between the sequences introduced by this 



amendment and the ATCC deposit are further corroborated by the attached copies of two 
Declaration under 37 CF.R. §1.132 of Dr. Kari Aiitalo that were filed for a related patent 
application, U.S. Serial No. 08/585,895. SEQ ID NOS: 34 and 35 of the substitute sequence 
listing for the present application (U.S. Serial No. 08/510,133) are identical to SEQ ID NOS: 
44 and 45 of both Declarations. Paragraphs 4 & 5 of the Declaration filed November 26, 
1997 and paragraphs 2-4 of the Declaration filed July 23, 1998 explain that complete 
sequencing of the cDNA insert that was deposited with the ATCC revealed a sequence that 
includes a 1997 base pair nucleotide sequence (SEQ ID NO: 34 of the substitute Sequence 
Listing field herewith) that encodes a 419 amino acid sequence (SEQ ID NO: 35 of the 
substitute Sequence Listing filed herewith). Thus, the present amendment is supported by 
the application as filed and does not introduce new matter. Entry of the amendment is 
respectfully requested. 



Respectfully submitted. 



MARSHALL, OTOOLE, GERSTEIN, 

MURRAY & BORUN 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, IL 60606-6402 

Telephone: (312)474-6300 




David A. Gass 
Registration No. 38,153 



August 22, 2000 




PATENT 
28967/33072 



IN THE UNITED STATES 
PATF.NT AN T) TRADEMARK OFFICE 



In re Application of: 
Alitalo et al. 
Serial No.: 08/585,895 
Filed: January 12, 1996 
Title: RECEPTOR LIGAND 
Art Unit: 1646 
Examiner: Saoud 



I hereby certify that this paper is being 
deposited with the United States Postal 
Service as first class mail, postage 
prepaid, in an envelope addressed to: 
Assistant Commissioner for Patents 
Washington, D.C. 20231, on this date: 

Dated:J3kl^J!^J5iy 




6avid Gass 



DECLARATION UNDER 37 C.F.R. §1.132 OF DR. KARI ALITALO 
I, Kari Alitalo, do hereby declare and state as follows: 

1. I am a co-inventor of the above-identified U.S. Patent Application 
(hereinafter "the patent application"). I am familiar with the Office action from the U.S. 
Patent and Trademark Office dated March 24, 1998, in the patent application. I am 
making this declaration to provide facts and evidence to the Patent Office that may be 
relevant to the issues and rejections raised in the Office action. 

2. I understandthat sequences identified as SEQ ID NOs: 44 and 45 were 
added to the patent application by an amendment dated November 26, 1997, and entered by 
the Patent Office on December 1, 1997. Copies of those two sequences are appended hereto. 
I understand that, at the time of the amendment, SEQ ID NOs: 44 and 45 were identified as a 
nucleotide sequence and a deduced amino acid sequence of a cDNA that was deposited with 
the American Type Culture Collection (ATCC) as piasmid p?LT4-L ar.d that \z crccc 
referenced in the patent application at pages 28-29. I understand that the Patent Office has 
objected to the amendment to introduce these two sequences into the patent application on the 



basis that such an amendment "introduces new matter into the disclosure." The Patent Office's 
basis for this allegation was as follows: 

The specification discloses that the FIt4-L clone has an approximately 
2.1 kb insert and has been deposited as ATCC Deposit No. 9723 1 (pp. 
28-29). Applicant has not stated or shown the relationship between the 
2. 1 kb insert and the 1997 bp cDNA sequenced and presented as SEQ 
ED NO: 44. Thus, it is not clear whether the 2. 1 kb insert has the 
sequence of SEQ ID NO: 44. If the 1997 bp insert is the same as that 
of the 2. 1 kb insert, this aspect of the rejection could be overcome by 
amending the sentence added in the amendment of 1 December 1997 to 
state that "the approximately 2. 1 kb cDNA insert of the deposited 
plasmid pFLT4-L was sequenced and found to have a 1997 base pair 
nucleotide sequence as set forth in SEQ ID NO: 44." 

(Office action dated March 24, 1998, at paragraph 10.) 

3. I confirm that our laboratory sequenced the insert of the same plasmid that 
was designated pFLT4-L and that was deposited with the ATCC as ATCC Deposit No. 9723 1 
and that is referred to at pages 28-29 of the patent application. The nucleotide sequence of 
the insert of this plasmid (ATCC Deposit No. 9723 1) includes the 1997 nucleotides of 
sequence set forth in SEQ ID NO: 44 as appended hereto and added to the patent application 
in the amendment dated November 26, 1997. The 419 residue amino acid sequence set forth 
in SEQ ID NO: 45 (as appended hereto and added to the patent application) is deduced from 
the sequence set forth in SEQ ID NO: 44. 

4. The insert of plasmid pFLT4-L (ATCC Deposit No. 9723 1) contains 
additional (non-coding) sequence adjacent to the 1997 nucleotides of sequence set forth in 
SEQ ID NO: 44. The apparent size discrepancy between the approximately 2.1 kb size of the 
insert (as estimated by agarose gel electrophoresis analysis) and the 1997 nucleotides of 
sequence as set forth in SEQ ID NO: 44 is explained by the existence of this additional non- 
coding sequence in the plasmid insert . 

Certification 

I hereby further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful, false statements and 
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the like so made are punishable by fine or imprisonment, or both under Section 1001 of Title 
18 of the United States Code, and that such willful, false statements may jeopardize the 
validity of the application or any patent issued thereon. 

Kari Alitalo 
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(2) INFORMATION FOR SEQ ID NO: 44: 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1997 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 352.. 1608 



60 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 

CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC 120 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 180 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 240 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 357 

Met His 
1 

TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 405 
Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 
S 10 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 453 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 25 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 501 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 4<f 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 549 
Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 597 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
70 75 SO 

TGT CAG CTA AGG AAA GGA. GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 645 
Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn 
85 90 95 
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CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 693 
Leu Asn Ser Axg Thr Glu Glu Thr He Lys Phe Ala Ala Ala Hia Tyr 
100 105 HO 

AAT ACA GAG ATC TTG AAA ACT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu He Leu Lys Ser He Asp Asn Glu Trp Arg Lys Thr Gin 
US 120 125 130 

TGC ATG CCA CGG GAG GTG TGT» ATA GAT GTG GGG AAG GAG TTT GGA GTC 789 
Cys Met. Pro Arg Glu Val -Cys He Asp Val Gly Lys Glu Phe Gly Val 
135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cye Val Ser Val Tyr Arg Cys 
150 155 160 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
165 170 175 

AGC TAC .CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT CTC TCT CAA 933 
Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu Ser Gin 
180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
195 200 205 210 

TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg 
215 220 22S 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cys Arg Cys Leu Ala 
245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 
260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro., 
295 300 305 



UWJ KRH IjRH \_ ^XHV- **VJM. 1UK A<JV* X-J-lAJ * — - 

His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 . 315 320 
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1365 



1413 



1461 



1509 



1SS7 



CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 330 335 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 350 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 
3SS 360 365 370 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 380 385 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT AGT 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 395 400 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 
Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
405 410 415 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTT CT ATT AT GGAAAACTGT 
Ser 

GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG TGGGTCCATG CTAACAAAGA 
CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 
TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTTCC 
TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTGTTTCT 
GCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 
ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT 1997 

(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 419 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala 
1 S-io is 

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 
20 25 30 



1658 

1718 
1778 
1838 
1898 
1958 
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Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala 
35 40 4S 



Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser 
50 55 60 

Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met 
65 70 75 80 

Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin Hie Asn Arg Glu Gin 
85 90 95 

Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala 
100 10S no 

His Tyr Asn Thr Glu He Leu Lys Ser He Asp Asn Glu Trp Arg Lys 
115 120 125 

Thr Gin Cys Met Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe 
130 13S 140 

Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 
145 150 155 160 

Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 
165 170 175 

Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu He Thr Val Pro Leu 
180 185 190 

Ser Gin Gly Pro Lys Pro Val Thr He Ser Phe Ala Asn His Thr Ser 
195 200 205 

Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He 
210 215 220 

He Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 
225 230 235 240 

Lye Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn Hie He Cys Arg Cys 
245 250 2S5 

Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser 
260 265 270 

Thr Asp Gly Phe His Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu 
275 280 285 

Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys 
290 295 300 

Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys 
™* ai.n 315 320 

Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu 
325 330 335 
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Asn Thr Cys Gin Cye Val Cys Lys 
340 

Leu Asn Pro Gly Lys Cys Ala Cys 
355 360 

Cy B Leu Leu Lys Gly Lys Lys Phe 
370 375 

Arg Arg Pro Cys Thr Asn Arg Gin 
385 390 

Tyr Ser Glu Glu Val Cys Arg Cys 
405 



Gin Met Ser 



Arg Thr Cys Pro Arg Aon Gin Pro 
345 350 

Glu Cys Thr Glu Ser Pro Gin Lys 
365 

His His Gin Thr Cys Ser Cys Tyr 
380 

Lys Ala Cys Glu Pro Gly Phe Ser 
395 400 

Val Pro Ser Tyr Trp Lys Arg Pro 
410 415 
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EXHIBIT 



PATENT 
28967/33072 

IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

In re Application of: 
Alitalo et al. 
Serial No.: 08/585,895 
Filed: January 12, 1996 
Title: RECEPTOR LIGAND 
Art Unit: 1801 
Examiner Lathrop, B. 

DECLARATION UNDER 37 C.F.R. §1.132 OF DR. KARI ALITAJLO 

I. I am a co-inventor of the above-identified U.S. Patent Application 
(hereinafter "the patent application"). I am familiar with the Office action from the U.S. 
Patent and Trademark Office dated May 28, 1997, in the patent application. I am making 
this declaration to provide facts and evidence to the Patent Office that may be relevant to 
the issues and rejections raised in the Office action. 

Isolation of VEGF-C protein and cDNA 
2. The present invention relates generally to a protein Hgand for FIt4 
receptor tyrosine kinase (VEGFR-3), which our research team has designated "VEGF-C." 
As taught in Example 14 of the patent application, VEGF-C also stimulates KDR/Flk-1 
receptor tyrosine kinase (VEGFR-2). Our research team purified a VEGF-C protein that 
we discovered in conditioned media from a PC-3 prostatic adenocarcinoma cell line. We 
demonstrated that this protein bound to the extracellular domain of Flt4 and stimulated 

m^A _! 1 1 . • . . ..... . . - - 

* n-r pnuo^tiwijiauwii. v^co uic paten i application ai examples «t-j, lor exampie.) using 
SDS polyacrylamide gel electrophoresis, the VEGF-C protein was originally determined 
to have a molecular weight of about 23 kilodaltons. This measurement is in good 
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agreement with subsequent measurements of VEGF-C that we have recombinantly 
expressed in multiple cell lines, where we have determined the molecular weight to be 
about 21-23 kD.) 

3. We sequenced the amino terminus of this purified VEGF-C protein as 
taught in the patent application in Example 5. (See especially p. 23.) I hereby reaffirm 
that our sequencing data from this protein is correctly reported in the patent application at 
p. 23 and in SEQ ID NO: 13. 

4. As taught in Examples 6-10 of the patent application, we used the 
amino terminal amino acid sequence taught in the patent application to obtain a cDNA 
encoding VEGF-C. A plasmid containing the cDNA that is described in Example 1 1 of 
the patent application was deposited with the American Type Culture Collection and 
accorded ATCC accession number 9723 1 . 

5. The patent application describes a partial nucleotide sequence and a* 350 
amino acid open reading frame of the deposited VEGF-C cDNA. (See SEQ ID NOs: 32 
and 33 of the patent application.) In the amendment filed herewith, these sequences have 
been amended such that the designation of residue "1" therein corresponds with the first 
residue of VEGF-C purified from PC-3 conditioned medium as described in the patent 
application. (See also paragraph 3, above.) Amended SEQ ID NOs: 32-33 are attached 
hereto as Exhibit A. Complete sequencing of the cDNA subsequently demonstrated that 
the translated open reading frame is actually 419 amino acids: it extends 69 codons 
upstream of what is reported in SEQ ID NO: 33. Attached hereto as Exhibit B is a 1997 
nucleotide sequence of the cDNA that was deposited with the ATCC. Exhibit B also 
depicts the deduced 419 amino acid open reading frame. These sequences have been 
added to the patent application as SEQ ID NOs: 44 and 45. I shall use the term "prepro- 
VEGF-C" herein to refer to a polypeptide consisting of this 419 amino acid sequence. 

6. As taught in the patent application (e.g., at p. 11), the carboxyl- 
terminal amino acid sequences encoded by the VEGF-C cDNA show a pattern of spacing 
of cysteine residues reminiscent of the Balbiani ring 3 protein (BR3P) sequence that was 



known in the ait. (See Dignam and Case, Gene, SS.-133-40 (1990); and Paulsson, et al, 
7. Mol. Biol. , 2ii;331-49 (1990), both of record and cited in the patent application). The 
distinctive BR3P cysteine motifs (Cys-Xaa^Cys-Xaa-Cys-Xaa-Cys, wherein Xaa is any 
residue and n is variable) occur at least four times in the carboxy-terminal portion of 
VEGF-C (see Cys residues in Exhibit B at positions 280, 291, 293, and 295; positions 
304, 315, 317, and 319; positions 328, 339, 341, and 343; and positions 347, 358, 360, 
and 362). 



VEGF-C processing and determination of 
VEGF-C fragments that bind to Flt4. 

7. The Patent application teaches that the protein encoded by the VEGF-C 

gene is proteolytically processed, and teaches procedures to characterize this processing, 

such as analysis using antibodies and pulse-chase experiments. The application further 

teaches to screen truncated forms of VEGF-C (e.g., deletion fragments) to determine the 

portions of VEGF-C that are necessary to bind and stimulate Flt4. (See, e.g., pp. 29- 30 

of the patent application.) Using techniques such as those described at pp. 29-30 of the 

patent application and mutational analysis, our research team has extensively characterized 

the processing of human prepro- VEGF-C in mammalian cell lines. 



A. Our results from pulse-chase experiments indicate that the 
apparent first proteolytic processing of human prepro- VEGF-C involves 
cleavage of a signal peptide of about 31 residues, leaving residues 32-419 
(hereinafter "pro-VEGF-C"). Pro- VEGF-C has an apparent molecular 
weight of about 55-58 kD. 



B. We next observed that pro-VEGF-C is cleaved, either 
intraceUularly or at the cell surface, into polypeptides of about 29 kD and 
about 31-32 kD (when assessed by SDS-PAGE under reducing conditions) 
The -32 kD polypeptide binds the extracellular domain of Flt4 receptor 
tyrosine kinase with high affinity. (See Example 13 of the patent 
application.) The -32 kD polypeptide was purified with immunoaffinitv 
chromatography using an anti- VEGF-C antibody. The amino-terminus of 
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this purified polypeptide was determined to correspond to position 32 of the 
sequence shown in Exhibit B. Thus, the — 32 kD polypeptide represents 
the arnino-terminal product of this proteolytic cleavage. Sequencing of the 
— 29 kD polypeptide indicated that cleavage occurred after amino acid 227 
of the 419 amino acid sequence depicted in Exhibit B. (Amino acid 227 
corresponds to residue 125 of SEQ ID NO: 33 in the patent application 
(Exhibit A).) This carboxy-terminal fragment of about 29 kD presumably 
includes residues 228-419 of the sequence depicted in Exhibit B (residues 
126-317 of SEQ ID NO: 33). Thus, the ~29 kD polypeptide includes all 
of the Balbiani ring 3 protein cysteine motifs of VEGF-C (see paragraph 6 
above). These results indicate that polypeptide fragments of the sequences 
depicted in Exhibits A or B that lack any domain having cysteine motifs of 
a Balbiani ring 3 protein (e.g., that lack the — 29 kD carboxy-terminal 
fragment) remain capable of binding with the extracellular domain of Flt4. 

C. We also have observed forms of VEGF-C that reflect further 
proteolytic processing at the amino terminus. For the purpose of this 
declaration, I shall collectively refer to forms of VEGF described below as 
"mature VEGF-C." 

i. As indicated in paragraph 3, above, VEGF-C isolated from 
conditioned medium of PC-3 cells has an amino terminus 
corresponding to amino acid 103 in Exhibit B (i.e., amino acid 1 of 
SEQ ID NO: 33 (Exhibit A)). 

ii. We have sequenced VEGF-C that was recombinantly expressed in 
293-EBNA cells (as described in Example 1 1 of the patent 
application) and determined that the amino terminus of this form 
corresponds with position 11 2- of the sequence shown in Exhibit B 
(i.e., position 10 of SEQ ID NO: 33 (Exhibit A)). 
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8. Our research team modified the human VEGF-C cDNA to 
recombinantly produce a fragment consisting of amino acids 104-213 of the 419 amino 
acid polypeptide in yeast (i.e., residues 2-1 1 1 of SEQ ID NO: 33). This fragment was 
shown to bind Flt4 and stimulate phosphorylation of both FIt4 (VEGFR-3) and KDR 
(VEGFR-2). In another experiment, a fragment lacking residues 1-112 of the 419 amino 
acid polypeptide retained receptor binding activity. 



9. Collectively, the experimental results described in the preceding 
paragraphs indicate that polypeptides lacking amino acids 1-1 12 and 214-419 of the 419 
residue amino acid sequence shown in Exhibit B retain Flt4 binding and stimulating 
activities. Stated differently, we have experimental evidence to indicate that a polypeptide 
corresponding to positions 11-112 of SEQ ID NO: 33 will retain FIt4 binding and 
stimulating activities. Moreover, one skilled in the art understands from the patent 
application how to perform receptor binding and phosphorylation assays, to localize 
further the portion. of SEQ ID NO; 33 that is required for activity. 



The application enables one to obtain 
VEGF-C-encnd ing cDNAs from non-human sources 

10. I infer from page 5 of the Office action that the Patent Office has 

rejected a claim of the application in part because of the lack of a claim limitation with- 

respect to the source animal for VEGF-C. This section of the declaration provides 

evidence that the teachings in the patent application of a . human VEGF-C cDNA, 

combined with the teachings that VEGF-C protein binds FIt4 (VEGFR-3) and VEGFR-2, 

enable one to obtain VEGF-C-encoding cDNAs from non-human sources. 

11. To clone a murine VEGF-C cDNA, approximately 1 x I0 6 
bacteriophage lambda clones of a commercially-available 12 day mouse embryonal cDNA 
library (lambda EXlox library, Novagen, catalog number 69632-1) were screened with a 
radiolabeled fragment of human VEGF-C cDNA containing nucleotides 495 to 1661 of 

- the nucleotide sftnii^nri* chnu/n in UvhSK.'t vt r\„ a . : 
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12. A 1323 bp EcoWIHinWl fragment of the insert of the isolated mouse 
cDNA clone was subcloned into the corresponding sites of the pBluescript SK+ vector 
(Stratagene) and sequenced. The cDNA sequence of this clone was homologous to the 
human VEGF-C sequence reported herein, except that about 710 bp of 5'-end sequence 
present in the human clone was not present in the mouse clone. 

13. For further screening of mouse cDNA libraries, a Hindm-BstXI 
(Hindm site is from the pBluescript SK+ polylinker) fragment of 881 bp from the coding 
region of the mouse cDNA clone was radiolabeled and used as a probe to screen two 
additional mouse cDNA libraries. Two additional cDNA clones from an adult mouse 
heart ZAP II cDNA library (Stratagene, catalog number 936306) were identified. Three 
additional clones also were isolated from a mouse heart 5* -stretch-plus cDNA library in 
Xgtl 1 (Clontech Laboratories, Inc., catalog number ML5002b). Of the latter three 
clones, one was found to contain an insert of about 1.9 kb. The insert of this cDNA 
clone was subcloned into EcoW sites of pBluescript SK4- vector and both strands of this 
clone were completely sequenced, resulting in the nucleotide and deduced amino acid 
sequences shown in Exhibit C. It is expected that the mouse VEGF-C polypeptide 
depicted in Exhibit C is processed into a mature mouse VEGF-C protein, in a manner 
analogous to the processing of the human prepro-VEGFC 

14. The foregoing results demonstrate the utility of human VEGF-C- 
encoding polynucleotides of the invention for identifying and isolating polynucleotides 
encoding other non-human mammalian VEGF-C proteins. Such identified and isolated 
polynucleotides, in turn, can be expressed (using procedures similar to those described in 
the patent application for human VEGF-C) to produce recombinant polypeptides 
corresponding to non-human mammalian forms of VEGF-C. 



15. The identity of the mouse protein as VEGF-C was confirmed by 
recombinant^ expressing the above-described mouse cDNA, and analyzing the expressed 
proteins. 



A. The 1.8 kb mouse VEGF-C cDNA was cloned as an EcoVl fragment 
into the retroviral expression vector pBabe-puro containing the SV40 early, 
promoter region [Morgenstern et aL, NucL Acids Res., / 5:3587-3595 (1990)], and 
transfected into the Bosc23 packaging cell line [Pearet et aL t Proc. Natl. Acad. 
Sci. (USA), P0/8392-8396 (1994)] by the calcium -phosphate precipitation method. 
For comparison, Bosc23 cells also were transfected with the previously-described 
human VEGF-C construct in the pREP7 expression vector. The expressed 
proteins were immunoprecipitated with polyclonal antibodies raised against mature 
human VEGF-C. 

B. Immunoprecipitation of VEGF-C from media of transfected and 
metabolically-labeiled cells revealed bands of approximately 30-32X10 3 M r (a 
doublet) and 22-23X10 3 M r in 12.5% SDS-PAGE. These bands were not detected 
in samples from nontransfected or mock-transfected cells. These results 
demonstrate that antibodies raised against human VEGF-C recognize the 
corresponding mouse protein. 

C. For receptor binding experiments, 1 ml aliquots of media from 
metabolically-labeiled Bosc23 cells were incubated with VEGFR-3 extracellular 
domain, covalently coupled to sepharose, for 4 hours at 4*C with gentle mixing. 
(See Examples 4 and 5 in the patent application.) The sepharose beads were 
washed four times with ice-cold phosphate buffered saline (PBS), and the samples 
were analyzed by gel electrophoresis as described in Joukov et al. , EMBO J. , 
75:290-298 (1996). 

D. Similar 30-32 x 10 3 M r doublet and 22-23 x 10 3 M r polypeptide 
bands were obtained in the receptor binding assay as compared to the 
immunoprecipitation assay. In additional experiments, mouse VEGF-C 
appeared to be a potent inducer of VEGFR-3 autophosphorylation, too. 
Thus, the putative mouse VEGF-C binds and stimulates human VEGFR-3, 
confirming its identity. The slightly faster mobility of the mouse VEGF-C 
polypeptides that was observed may be caused by the four amino acid 
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residue difference observed in sequence analysis (residues H88-E91). 
Murine VEGF-C appeared to bind VEGFR-2 with lower affinity. 

16. The human VEGF-C cDNA also was used to design probes for 
successfully isolating a quail VEGF-C cDNA from a quail cDNA library. A fragment of 
the human VEGF-C cDNA comprising nucleotides 495-1661 of Exhibit B was obtained 
by PCR amplification, cloned into the pCRH vector (Invitrogen) according to the 
manufacturer's instructions, and amplified. The insert was isolated by Eco RI digestion 
and preparative gel electrophoresis and then labelled using radioactive dCTP and random 
priming. A cDNA library made from quail embryos of stage E-4 in pcDNA-1 vector 
(Invitrogen) was then screened using this probe. About 200,000 colonies were plated and 
filter replicas were hybridized with the radioactive probe under reduced stringency 
conditions (washes at 42°C with a wash solution comprising 2x SSC/0.1% SDS). Nine 
positive clones were identified and secondarily plated. Two of the nine clones hybridized 
in secondary screening. The purified clones (clones 1 and 14) had approximately 2.7 kb 
Eco RI inserts. Both clones were amplified and then sequenced using the T7 and SP6 
primers (annealing to the vector). In addition, an internal Sph I restriction endonuclease 
cleavage site was identified about 1.9 kb from the T7 primer side of the vector and used 
for subcloning 5*- and 3'- Sph I fragments, followed by sequencing from the Sph I end of 
the subclones. The sequences obtained were identical from both clones and showed a 
high degree of similarity to the human VEGF-C coding region. Subsequently, walking 
primers were made in both directions and double-stranded sequencing was completed for 
1743 base pairs, including the full-length open reading frame. 

17. The cDNA sequence obtained includes a long open reading frame and 
5* untranslated region. The DNA and deduced amino acid sequences for the quail cDNA 
are set forth in Exhibit D. Studies performed with the putative quail VEGF-C cDNA 
have shown that its protein product is secreted from transfected cells and interacts with 
avian VEGFR-3 and VEGFR-2, further confirming the conclusion that the cDNA encodes 
a quail VEGF-C protein. 



18. As shown in Exhibit E, the human, murine, and avian (quail) VEGF-C 
precursor amino acid sequences share a significant degree of conservation. This high 
degree of homology confirms the likelihood of success of attempts to isolate VEGF-C 
encoding sequences from other species, especially vertebrate species, and more 
particularly mammalian and avian species, using human VEGF-C-encodLng 
polynucleotides taught in the patent application as probes and using standard molecular 
biological techniques. The identity of putative VEGF-C-encoding cDNAs is confirmed 
using receptor binding studies such as the studies described in the patent application. 

Certification 

19. I hereby further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful, false 
statements and the like so made are punishable by fine or imprisonment, or both under 
Section 1001 of Title 18 of the United States Code, and that such willful, false statements 
may jeopardize the validity of the application or any patent issued thereon. 




Date Kari Alitalo 
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EXHIBIT A 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 2 : 

GAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 54 

Met Thr Val Leu Tyr Pro 
-33 -30 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 102 
Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu Arg Lys Gly Gly Trp Gin 
-25 -20 -15 

CAT AAC AGA GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 150 
His Asn Arg Glu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie 
-10 -5 1 5 

" AAA TTT GCT GCA GCA CAT TAT AAT ACA GAG ATC TTG AAA AGT ATT GAT 198 
Lys Phe Ala Ala Ala His" Tyr Asn Thr Glu lie Leu Lys Ser lie Asp 
10 15 20 

AAT GAG TGG AGA AAG ACT CAA TGC ATG CCA CGG GAG GTG TGT ATA GAT 24 6 

Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu Val Cys lie Asp 
25 30 35 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA CCT CCA 294 
Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lye Pro Pro 
, 40 45 50 

TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 342 
Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 
55 60 65 

CAG TGC ATG AAC ACC AGC ACG AGC TAC CTC AGC AAG ACG TTA TTT GAA 390 
Gin Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu 
70 75 80 85 

ATT ACA GTG CCT CTC TCT CAA GGC CCC AAA CCA GTA ACA ATC AGT TTT 438 
lie Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val Thr lie Ser Phe 
90 95 100 

GCC AAT CAC ACT TCC TGC CGA TGC ATG TCT AAA CTG GAT GTT TAC AGA 486 
Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
105 110 115 

CAA GTT CAT TCC ATT ATT AGA CGT TCC CTG CCA GCA ACA CTA CCA CAG 534 
Gin Val His Ser lie lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin 
120 125 130 

TGT CAG GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 582 
Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 
135 140 145 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 630 
His lie Cys Arg Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp 
ISO 155 160 165 

GCT GGA GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 678 
Ala Gly Asp Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn 
170 17S 180 

AAG GAG CTG GAT GAA GAG ACC TGT CAG TGT GTC TGC AGA GCG GGG CTT 726 
Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 
185 190 195 

CGG CCT GCC AGC TGT GGA CCC CAC AAA GAA CTA GAC AGA AAC TCA TGC 774 
Arg Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys 
200 205 210 

A-1 



i 



200 



205 



CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC AGC CAA TGT GGG GCC AAC 822 
Gin Cya Val Cys Lys Aan Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn 
215 220 225 

CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT GTA TGT AAA AGA ACC TGC 
Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys 



230 



235 



870 



CCC AGA AAT CAA CCC CTA AAT CCT GGA AAA TGT GCC TGT GAA TGT ACA 918 
Pro Arc? Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 
S 250 255 260 

GAA AGT CCA GAG AAA TGC TTG TTA AAA GGA AAG AAG TTC CAC CAC CAA 966 
Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gin 
265 270 275 

ACA TGC AGC TGT TAC AGA CGG CCA TGT ACG AAC CGC CAG AAG GCT TGT 1014 
Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys 
280 285 290 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG TGT CGT TGT GTC CCT TCA 1062 
Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser 
295 300 305 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT 1116 
Tyr Trp Lys Arg Pro Gin Met Ser 
310 31S 

TTTCTATTAT GGAAAACTGT GTTG 1140 

<2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 350 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii). MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
-33 -30 -25 -20 

Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn Leu Asn Ser 
-15 -10 -5 

Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
1 5 10 - IS 

lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
20 25 30 

Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn 
35 40 45 

Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
50 55 60 

C"c Sezr <rl" frl -1 ' L-^v Grin C**"? moi- Ben Thr Thr Ser Tvr Leu 

~ J 65 70 7S 

Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin Gly Pro Lys 

80 85 90 95- 
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Pro val Thr He Ser Phe Ala Asn His Thr Ser Cye Arg Cye Met Ser 



100 



Ly s Leu Asp Val Tyr Arg Gin Val His Ser He He Arg Arg Ser Leu 



115 



Pro Ala Thr Leu Pro Gin Cye Gin Ala Ala Asn Lys Thr Cys Pro Thr 



130 



Asn Tyr Met Trp Asn Asn His lie Cys Arg Cys Leu Ala Gin Glu Asp 

145 150 
Phe Met: Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
160 165 

Asp He Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys 

180 185 
val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 



Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 

210 215 

Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Glh Cys 

225 23 P 

Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 

240 245 

Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly 



260 



Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr 

Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 

290 295 
Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
Y 305 310 315 
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EXHIBIT B 



.CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGTC CTCCCTCGCC 60 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC 120 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 180 

GGAACGCGGA GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 240 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 3S7 

Met His 
1 

TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GCT GCG CTG 405 
Leu Leu Gly Phe Phe Ser Val Ala Cyo Ser Leu Leu Ala Ala Ala Leu 
5 10 15 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC 453 
Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 25 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 501 
Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala 
35 ' 40 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC AGT GTA 549 
Tyr Ala Ser Lye Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val 
55 60 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 597 
Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
70 75 80 

TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 645 
Cys Gin Leu Arg Lys Gly Gly Trp Gin His Asn Arg Glu Gin Ala Asn 
8S 90 95 

CTC AAC TCA AGG ACA GAA GAG ACT ATA AAA TTT GCT GCA GCA CAT TAT 693 
Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala Hie Tyr 
100 105 110 

AAT ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA 741 
Asn Thr Glu lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin 
115 120 125 130 

TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 789 
Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lys Glu Phe Gly Val 
135 140 145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 837 
Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys 
ISO 155 160 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG * 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ACA GTG CCT CTC TCT CAA 933 
Ser Tyr Leu Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin 
180 185 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 981 
Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg 
195 200 205 210 
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TGC ATG TCT AAA CTG GAT GTT TAG AGA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser lie lie Arg 
215 220 225 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Ara Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Aon Lys Thr 

* 230 235 240 

TGC CCC ACC AAT TAC ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cvs Pro Thr Asn Tyr Met Trp Asn Asn His lie Cys Arg Cys Leu Ala 
1 245 250 255 

CAG GAA GAT TTT ATG TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 1173 
Gin Glu Asp Phe Met Phe Ser Ser. Asp. Ala Gly Asp Asp Ser Thr Asp 

• 260 265 270 

GGA TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr 
275 280 285 290 

TGT CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 1269 
Cvs Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 300 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 1317 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 
310 315 320 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 1365 
Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr 
325 330 335 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT 1413 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 350 

CCT GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 14 61 

Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu . 
355 360 365 370 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG 1509 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 380 385 

CCA TGT ACG AAC CGC CAG AAG GCT TGT GAG CCA GGA TTT TCA TAT AGT 1557 
Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 395 400 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 1605 
Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
405 410 415 

AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT TTTCTATTAT GGAAAACTGT 1658 
Ser 



GTTGCCACAG 


TAGAACTGTC 


TGTGAACAGA 


GAGACCCTTG 


TGGGTCCATG 


CTAACAAAGA 


1718 


CAAAAGTCTG 


TCTTTCCTGA 


ACCATGTGGA 


TAACTTTACA 


GAAATGGACT 


GGAGCTCATC 


1778 


TGCAAAAGGC 


CTCTTGTAAA 


GACTGGTTTT 


CTGCCAATGA 


CCAAACAGCC 


AAGATTTTCC 


1838 


TCTTGTGATT 


TCTTTAAAAG 


AATGACTATA 


TAATTTATTT 


CCACTAAAAA 


TATTGTTTCT 


1898 


GCATTCATTT 


TTATAGCAAC 


AACAATTGGT 


AAAACTCACT 


GTGATCAATA 


TTTTTATATC 


1958 


ATGCAAAATA 


TGTTTAAAAT 


AAAATGAAAA 


TTGTATTAT 






1997 
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EXHIBIT C 

Mouse VEGF-C cDNA and deduced amino acid sequence 

GCGGCCGCGT CGACGCAAAA GTTGCGAGCC GCCGAGTCCC GGGAGACGCT CGCCCAGGGG 60 

GGTCCCCGGG AGGAAACCAC GGGACAGGGA CCAGGAGAGG ACCTCAGCCT CACGCCCCAG 120 

CCTGCGCCAG CCAACGGACC GGCCTCCCTG CTCCCGGTCC ATCCACC ATG CAC TTG 176 

Met His Leu 

CTG TGC TTC TTG TCT CTG GCG TGT TCC CTG CTC GCC GCT GCG CTG ATC 224 
Leu Cya Phe Leu Ser Leu Ala Cys Ser Leu Leu Ala Ala Ala Leu lie 
5 10 15 

CCC AGT CCG CGC GAG GCG CCC GCC ACC GTC GCC GCC TTC GAG TCG GGA 272 
Pro Ser Pro Arg Glu Ala Pro Ala Thr Val Ala Ala Phe Glu Ser Gly 
20 25 30 3S 

CTG GGC TTC TCG GAA GCG GAG CCC GAC GGG GGC GAG GTC AAG GCT TTT 320 
Leu Gly Phe Ser Glu Ala Glu Pro Asp Gly Gly Glu Val Lys Ala Phe 
40 45 50 

GAA GGC AAA GAC CTG GAG GAG CAG TTG CGG TCT GTG TCC AGC GTA GAT 368 
Glu Gly Lys Asp Leu Glu Glu Gin Leu Arg Ser Val Ser Ser Val Asp 
55 60 65 

GAG CTG ATG TCT GTC CTG TAC CCA GAC TAC TGG AAA ATG TAC AAG TGC 416 
Glu Leu Met Ser Val Leu Tyr Pro Asp Tyr Trp Lys Met Tyr Lys Cys 
70 - 75 80 

CAG CTG CGG AAA GGC GGC TGG CAG CAG CCC ACC CTC AAT ACC AGG ACA 464 
Gin Leu Arg Lys Gly Gly Trp Gin Gin Pro Thr Leu Asn Thr Arg Thr 
85 90 95 

GGG GAC AGT GTA AAA TTT GCT GCT GCA CAT TAT AAC ACA GAG ATC CTG " 512 

Gly Asp Ser Val Lys Phe Ala Ala Ala His Tyr Asn Thr Glu lie Leu 
100 105 110 115 

AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA TGC ATG CCA CGT GAG 560 
Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu 
120 125 130 

GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GCA GCC ACA AAC ACC TTC 608 
Val Cys lie Asp Val Gly Lys Glu Phe Gly . Ala Ala Thr Asn Thr Phe 
135 140 145 

TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT GGG GGT TGC TGC AAC 656 
Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn 
150 155 160 

AGC GAG GGG CTG CAG TGC ATG AAC ACC AGC ACA GGT TAC CTC AGC AAG 704 
Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Gly Tyr Leu Ser Lys 
165 170 175 

ACG TTG TTT GAA ATT ACA GTG CCT CTC TCA CAA GGC CCC AAA CCA GTC 752 
Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin Gly Pro Lys Pro Val 
180 185 190 195 

ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGG TGC ATG TCT AAA CTG 800 
Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu 
200 205 210 

GAT GTT TAC AGA CAA GTT CAT TCA ATT ATT AGA CGT TCT CTG CCA GCA 84 8 

Asp Val Tyr Arg Gin Val His Ser lie lie Arg Arg Ser Leu Pro Ala 
215 220 225 
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ACA TTA CCA CAG TGT CAG GCA GCT AAC AAG ACA TGT CCA ACA AAC TAT 896 
Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr 
230 235 240 

GTG TGG AAT AAC TAG ATG TGC CGA TGC CTG GCT CAG CAG GAT TTT ATC 944 
Val Trp Asn Asn Tyr Met Cys Arg Cys Leu Ala Gin Gin Aap Phe lie 
245 250 255 

TTT TAT TCA AAT GTT GAA GAT GAC TCA ACC AAT GGA TTC CAT GAT GTC 992 
Phe Tyr Ser Asn Val Glu Asp Asp Ser Thr Asn Gly Phe His Asp Val 
260 265 270 275 

TGT GGA CCC AAC AAG GAG CTG GAT GAA GAC ACC TGT CAG TGT GTC TGC 1040 
Cys Gly Pro Asn Lys Glu Leu Aep Glu Asp Thr Cys Gin Cys Val Cys 
280 285 290 

AAG GGG GGG CTT CGG CCA TCT AGT TGT GGA CCC CAC AAA GAA CTA GAT 
Lys Gly Gly Leu Arg Pro Ser Ser Cye Gly Pro His Lys Glu Leu Asd 
295 300 305 
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AGA GAC TCA TGT CAG TGT GTC TGT AAA AAC AAA CTT TTC CCT AAT TCA 1136 
Arg Asp Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro Asn Ser 
310 315 320 

TGT GGA GCC AAC AGG GAA TTT GAT GAG AAT ACA TGT CAG TGT GTA TGT 1184 
Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gin Cys Val Cvs 
325 330 33s * 

AAA AGA ACG TGT CCA AGA AAT CAG CCC CTG AAT CCT GGG AAA TGT GCC 1232 
Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys Cys Ala 
340 345 350 3S S 

TGT GAA TGT ACA GAA AAC ACA CAG AAG TGC TTC CTT AAA GGG AAG AAG 1280 
Cys Glu Cys Thr Glu Asn Thr Gin Lys Cys Phe Leu Lys Gly Lys Lys 
360 365 370 

TTC CAC CAT CAA .ACA TGC AGT TGT TAC AGA AGA CCG TGT GCG AAT CGA 1328 
Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg Pro Cys Ala Asn Arg 
37S 380 385 

CTG AAG CAT TGT GAT CCA GGA CTG TCC TTT AGT GAA GAA GTA TGC CGC 1376 
Leu Lys His Cys Asp Pro Gly Leu Ser Phe Ser Glu Glu Val Cys Ara 
390 395 400 

TGT GTC CCA TCG TAT TGG AAA AGG CCA CAT CTG AAC TAAGATCATA 1422 
Cys Val Pro Ser Tyr Trp Lys Arg Pro His Leu Asn 
405 410 415 

CCAGTTTTCA GTCAGTCACA GTCATTTACT CTCTTGAAGA CTGTTGGAAC AGCACTTAGC 1482 

ACTGTCTATG CACAGAAAGA CTCTGTGGGA CCACATGGTA ACAGAGGCCC AAGTCTGTGT 1542 

TTATTGAACC ATGTGGATTA CTGCGGGAGA GGACTGGCAC TCATGTGCAA AAAAAACCTC 1602 

TTCAAAGACT GGTTTTCTGC CAGGGACCAG ACAGCTGAGG TTTTTCTCTT GTGATTTAAA 1662 

AAAAGAATGA CTATATAATT TATTTCCACT AAAAATATTG TTCCTGCATT CATTTTTATA 1722 

GCAATAACAA TTGGTAAAGC TCACTGTGAT CAGTATTTTT ATAACATGCA AAACTATGTT 1782 

TAAAATAAAA TGAAAATTGT ATTATAAAAA AAAAAAAAAA AAAAAAAAAA GCTT 1836 
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EXHIBIT D 
Quail VEGF-C 

GCCCCCGCCG AGCGCTCCGC GCGCAGCCGC CGGGCCGGGC CGGCCCGCGG AGGGCGCGCT 60 

GCGAGCGGCC ACTGGGTCCT GCTTCCCTCC TTCCTCTCCC TCCTCCTCCT CCTCCTTCTC 120 

TCTGCGCTTT CCACCGCTCC CGAGCGAGCG CACGCTCGGA TGTCCGGTTT CCTGGTGGGT 180 

TTTTTACCTG GCAAAGTCCG GATAACTTCG GTGAGAATTT GCAAAGAGGC TGGGAGCTCC 240 

CCTGCAGGCG TCTGGGAGCT GCTGCCGCCG TCGCATCTTC TCCATCCCGC GGATTTTACT 300 

GCCTTGGATA TTGCGAGGGG AGGGAGGGGG GTGAGGACAG CAAAAAGAAA GGGGTGGGGG 360 

GGGGGAGAGA AAAGGAAAAG AAGGAG CCTC GGAATTGTGC CCGCATTCCT GCGCTGCCCC 420 

GCGGCCCCCC TCCGCTCTGC CATCTCCGCA CA h^s Leu Leu Glu Met Leu 

1 5 



521 



TCC CTG GGC TGC TGC CTC GCT GCT GGC GCC GTG CTC CTG GGA CCC CGG 
Ser Leu Gly Cys Cys Leu Ala Ala Gly Ala Val Leu Leu Gly Pro Arg 
10 IS 20 

CAG CCG CCC GTC GCC GCC GCC TAC GAG TCC GGG CAC GGC TAC TAG GAG 569 
Gin Pro Pro Val Ala Ala Ala Tyr Glu Ser Gly Hie Gly Tyr Tyr Glu 
25 30 35 

GAG GAG CCC GGT GCC GGG GAA CCC AAG GCT CAT GCA AGC AAA GAC CTG 617 
Glu Glu Pro Gly Ala Gly Glu Pro Lys Ala His Ala Ser Lys Asp Leu 
40 « 50 55 

GAA GAG CAG TTG CGA TCT GTG TCC AGT GTG GAT GAA CTC ATG ACA GTA 665 
Glu Glu Gin Leu Arg Ser Val Ser Ser Val Asp Glu Leu Met Thr Val 
60 65 70 

CTT TAC CCA GAA TAC TGG AAA ATG TTC AAA TGT CAG TTG AGG AAA GGA 713 
Leu Tyr Pro Glu Tyr Trp Lys Met Phe Lys Cys Gin Leu Arg Lys Gly 
75 80 65 

GGT TGG CAA CAC AAC AGG GAA CAC TCC AGC TCT GAT ACA AGA TCA GAT 761 
Glv Trp Gin His Asn Arg Glu His Ser Ser Ser Asp Thr Arg Ser Asp 
90 95 100 

GAT TCA TTG AAA TTT GCC GCA GCA CAT TAT AAT GCA GAG ATC CTG AAA 809 
Asp Ser Leu Lys Phe Ala Ala Ala His Tyr Asn Ala Glu lie Leu Lys 
10S HO H5 

AGT ATT GAT ACT GAA TGG AGA AAA ACC CAG GGC ATG CCA CGT GAA GTG 857 
Ser lie Asp Thr Glu Trp Arg Lys Thr Gin Gly Met Pro Arg Glu Val 
120 125 130 135 



TGT GTG GAT TTG GGG AAA GAG TTT GGA GCA ACT ACA AAC ACC TTC TTT 90S 
Cys Val Asp Leu Gly Lys Glu Phe Gly Ala Thr Thr Asn Thr Phe Phe 
140 145 ISO 

AAA CCC CCG TGT GTA TCC ATC TAC AGA TGT GGA GGT TGC TGC AAT AGT 953 
Lys Pro Pro Cys Val Ser lie Tyr Arg Cys Gly Gly Cys Cys Asn Ser 
155 160 165 

GAA GGA CTC CAG TGT ATG AAT ATC AGC ACA AAT TAC ATC AGC AAG ACA 1001 
Glu Gly Leu Glxx Z JO IMt Xztl lie Scr Thr As" Tl« Ser Lys Thr 

170 175 180 
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TTG TTT GAG ATT ACA GTG CCT CTC TCT CAT GGC CCC AAA CCT GTA ACA 
Leu Phe Glu lie Thr Val Pro Leu Ser His Gly Pro Lys Pro Val Thr 
185 190 19s 
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GTC ACT TTT GCC AAT CAC ACG TCC TGC CGA TGC ATG TCT AAG TTG GAT 1097 
Val Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp 
200 205 210 215 

GTT TAC AGA CAA GTT CAT TCT ATC ATA AGA CGT TCC TTG CCA GCA ACA 1145 
Val Tyr Arg Gin Val His Ser He He Arg Arg Ser Leu Pro Ala Thr 
220 225 230 

CAA ACT CAG TGT CAT GTG GCA AAC AAG ACC TGT CCA AAA AAT CAT GTC 1193 
Gin Thr Gin Cys His Val Ala Asn Lys Thr Cys Pro Lys Asn Hia Val 
235 240 245 

TGG AAT AAT CAG ATT TGC AGA TGC TTA GCA CAG CAC GAT TTT GGT TTC 1241 
Trp Asn Asn Gin He Cys Arg Cys Leu Ala Gin His Asp Phe Gly Phe 
250 255 260 

TCT TCT CAC CTT GGA GAT TCT GAC ACA TCT GAA GGA TTC CAT ATT TGT 1289 
Ser Ser His Leu Gly Asp Ser Asp Thr Ser Glu Gly Phe His He Cys 
265 270 275 

GGG CCC AAC AAA GAG CTG GAT GAA GAA ACC TGT CAA TGC GTC TGC AAA 1337 
Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Lys 
280 . 285 290 295 

GGA GGT GTG CGG CCC ATA AGC TGT GGC CCT CAC AAA GAA CTA GAC AGG 1385 
Gly Gly Val Arg Pro He Ser Cys Gly Pro His Lys Glu Leu Asp Arg 
300 305 310 

GCA TCA TGT CAG TGC ATG TGC AAA AAC AAA CTG CTC CCC ACT TCC TGT 1433 
Ala Ser Cys Gin Cys Met Cys Lys Asn Lys Leu Leu Pro Ser Ser Cys 
315 320 32S 

GGG CCT AAC AAA GAA TTT GAT GAA GAA AAG TGC CAG TGT GTA TGT AAA 1481 
Gly Pro Asn Lys Glu Phe Asp Glu Glu Lys Cys Gin Cys Val Cys Lys 
330 335 340 

AAG ACC TGT CCC AAA CAT CAT CCA CTA AAT CCT GCA AAA TGC ATC TGC 1529 
Lys Thr Cys Pro Lys His His Pro Leu Asn Pro Ala Lys Cys He Cys 
345 350 355 

GAA TGT ACA GAA TCT CCC AAT AAA TGT TTC TTA AAA GGA AAA AGA TTT 1577 
Glu Cys Thr Glu Ser Pro Asn Lys Cys Phe Leu Lys Gly Lys Arq Phe 
360 36S 370 375 

CAT CAC CAG ACA TGC AGT TGT TAC AGA CCA CCA TGT ACA GTC CGA ACG 1625 
His Hxs Gin Thr Cys Ser Cys Tyr Arg Pro Pro Cys Thr Val Arg Thr 
380 385 390 



AAA CGC TGT GAT GCT GGA TTT CTG TTA GCT GAA GAA GTG TGC CGC TGT 
Lys Arg Cys Asp Ala Gly Phe Leu Leu Ala Glu Glu Val Cys Ara Cvs 
395 400 405 

GTA CGC ACA TCT TGG AAA AGA CCA CTT ATG AAT TAAGCGAAGA AAGCACTACT 
Val Arg Thr Ser Trp Lys Arg Pro Leu Met Asn 
410 415 

CGCTATATAG TGTCG 



1673 



1726 



1741 
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~ The drawings filed on are acceptable. 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d). 

□ All □ Some* □ None of the CERTIFIED copies of the priority documents have been 
G received. 

□ received in Application No. (Series Code/Serial Number) . 

G received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
'Certified copies not received: . 



□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1 19(e). 

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE 
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in 
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a). 

□ Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLJCATION, PTO-152, which discloses 
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

X Applicant MUST submit NEW FORMAL DRAWINGS 

'~\ because the originally filed drawings were declared by applicant to be informal. 

22 including changes required by the Notice of Draftsperson's Patent Drawing Review, PTO-948, attached hereto or 



to Paper No. 



which has been 



□ including changes required by the proposed drawing correction filed on 

approved by the examiner. 

C2 including changes required by the attached Examiner's Amendment/Comment. 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the reverse side of the 
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official 
Draftsperson. 

□ Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES 
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER 
and DATE of the NOTICE OF ALLOWANCE should also be included. 

Attachment(s) 

□ Notice of References Cited, PTO-892 

22 Information Disclosure Statement(s), PTO-1449, Paper No(s). 18 
Notice of Draftsoerson's Patent Drawina Review. PTO-948 

□ Notice of Informal Patent Application, PTO-152 

□ Interview Summary, PTO-413 

□ Examiner's Amendment/Comment 

□ Examiner's Comment Regarding Requirement for Deposit of Biological Material 
L'j Examiner's Statement of Reasons for Allowance 



U. S, P*(cnt and Trademark Of fie* 

PTO-37 (Rev. 9-95} 



Notice of Allowability 



Part of Paper No. 32 



EXHIBIT E 



VEGF-C alignment 



1 - 50 

Hum HKLLGFFSVA CSLLAAALLP GFREAFAAAA AFESGLDLSD AEPDAGEATA 
Mou HELLCFLSLA CSLLAAALIP SFREAFATVA AFESGLGFSE AEPDGGEVKA 
Qua KHLLEMLSLG CCLAAGAVLL GPRQPPVA.A AYESGHGYYE EEPGAGEPKA 

51 100 

Hum YASKDLEEQL RSVSSVDELM TVLYPEYWKK YKCQLRKGGW QHNREQANLN 

MOU FEGKDLEEQL RSVSSVDELM SVLYPDYWKM YKCQLRKGGW Q QPTLN 

Qua HASKDLEEQL RSVSSVDELM TVLYPEYWKM FKCQLRKGGW QHNREHSSSD 

101 150 

Hum SRTEETIKFA AAHYNTEILK E I DNEWRKT Q CXPREVCIDV GKEFGVATNT 

MOU -TRTGDSVKFA AAHYNTEILK EIDNEFRKTQ CHFREVCIDV GKEFGAATKT 

Qua TRSDDSLKFA AAHYHAEILK SIDTEWRKTQ GKPREVCVDL GKEFGATTNT 

151 200 

Hum FFKFPCVSVY RCGGCCNSEG LQCMNTSTSY LSKTLFEITV PLSQGPKFVT 

MOU FFKFPCVSVY RCGGCCNSEG LQCHNT6TGY LSKTLFEITV PLSQGPKPVT 

Qua FFKPPCVSIY RCGGCCNSEG LQCHNISTNY ISKTLFEITV FLSHGPKPVT 

201 250 

Hum I6FANHTSCR CKSKLDVYRQ VHSIIRRSLP ATLPQCQAAN KTCPTNYMWN 

MOU ISFANHTSCR CMS KLD VYR Q VHSIIRRSLP ATLPQCQAAN KTCPTNYVWN 

Qua VSFANHTSCR CKSKLDVYRQ VHSIIRRSLP ATQTQCHVAN KTCPKNHVWN 

251 300 
Hum NHICRCLAQE DFMFS6DAGD DSTDGFHDIC GPNKELDEET CQCVCRAGLR 
Mou NYMCRCLAQQ DFIFYSNVED DSTNGFHDVC GPNKELDEDT CQCVCKGGLR 
Qua NQICRCLAQH DFGFSSHLGD SDTSEGFHIC GPNKELDEET CQCVCKGGVR 

301 350 
Hum PA6CGPHKEL DRNSCQCVCK NKLFPSQCGA NREFDENTCQ CVCKRTCPRN 
MOU PSSCGPHKEL DRDSCQCVCK NKLFPNSCGA NREFDENTCQ CVCKRTCPRN 
Qua PISCGFHKEL DRASCQCMCK NKLLPSSCGP NKEFDEEKCQ CVCKKTCPKH 

351 400 
Hum QPLNPGKCAC ECTESPQKCL LKGKKFHHQT CSCYRRPCTN RQKACEPGFS 
MOU QPLNPGKCAC ECTENTQKCF LKGKKFHHQT CSCYRRPCAN RLKHCDPGLS 
Qua HPLNPAKCIC ECTESPNKCF LKGKRFHHQT CSCYRPPCTV RTKRCDAGFL 



401 420 
Hum YSEEVCRCVP SYWKRPQMS* 
MOU FSEEVCRCVP S YBKRPHLN . 
Qua LAEEVCRCVR TSWKRPLMN* 



UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office IV 



NOTICE OF ALLOWANCE AND ISSUE FEE DUE 



APPLICATION NO. 


FILING DATE 


| TOTAL CLAIMS | 


EXAMINER AND GROUP ART UNIT 


| OATE MAILED 


i 

1 . - — — - — 


| First Named 










| Appficanl 











TITLE OF 
INVENTION 



ATTTS DOCKET NO. | CLASS-SUBCL ASS | BATCH NO. | APPLN. TYP E I SMALL ENTITY | FEE DUE | DATE DUE 



THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PA TENT. 
PROSECUTION ON THE M ERITS IS CLOSED. 

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS 
T^^^^^SeReS^D AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED. 



HOW TO RESPOND TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 
If the SMALL ENTITY is shown as YES, verify your 
current SMALL ENTITY status: 



A. If the status is changed, pay twica the amount of the 
FEE DUE shown above and notify the Patent and 
Trademark Office of the change in status, or 

B. If the status is the same, pay the FEE DUE shown 
above. 



If the SMALL ENTITY is shown as NO: 



A. Pay FEE DUE shown above, or 



B. File verified statement of Small Entity Status before, or with, 
payment of 1/2 the FEE DUE shown above. 

1 1 q..«, « c** should be com D leted and returned to the Patent and Trademark Office (PTO) with your ^ 

"" ISSUE FEE Even if the ISSUE FEE has already been paid by charge to deposu accouni, ran o .^uc ■ .o, 
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section 4b of Part 
B-lssue Fee Transmittal should be completed and an extra copy of the form should be submitted. 
III. All communications regarding this application must give application number and batch number. 
Please direct all communications prior to issuance to Box ISSUE FEE unless adv.sed to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance 
fees when due. 

PATENT AND TfiAn? ?,:.*.*: " C: : HCE COY 
PTOL-65 (REV. 10-96) Approved lor use in rough 06/30/99. (0651-0033) 



•VI S. GPO: 1 999 54 -45 7/24601 



Form PTO 948 (Rev. 10-94) 



NOTICE OF DRAFTSPERSON 'S TATENT DRAWING REVIEW 



PTO Draftpensons review all originally Hied drawings regardless of whether they are designated as formal or informal. Additionally, 
patent Examiners will reviewtbe- drqwinga compliance with the regulations. Direct telephone inquiries concerning this review to 
the Drawing Review 8^0^703-305-8^4^^ 



The drawings filed (insert dale) f s 

A. / not objected lo by the Draftsperson under 37 CFR 1.84 or 1.152. 

H. V objected to by the Draftsperson under 37 CFR 1.84 or 1. 152 as 
indicated below. The Examiner will require submission of new. corrected 
drawings when necessary. Corrected drawings must be submitted 
according to the instructions on the back of this Notice. 

I. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of drawings: 
Black ink. Color. 

Not black solid lines. Fig(s) 

Color drawings arc not acceptable until petition is granted. 

2. PHOTOGRAPHS. 37 CFR 1. 84(b) C 3 S i &C£> J 

Photographs are not acceptable until petition is granted. 

/Fig(s) l -y ,j \ 

V Photographs not properly mounted (must use brystol board or^ 
photographic double-weight paper). Rg(s)(f. ~Jf t f t -It- 
x / Poor quality (half-tone). Fig(s) } f -£ t { } - I Z* 

3. GRAPHIC FORMS. 37 CFR 1.84(d) 

Chemical or mathematical formula not labeled as separate figure. 

Rg(s) 

Group of waveforms not presented as a single figure, using 

common vertical axis with time extending along horizontal axis. 



Fig(s)_ 



Individuals waveform not identified with a separate letter 

designation adjacent lo the vertical axis. Fig(s) _ 

TYPE OF PAPER. 37 CFR 1.84(c) 

Paper not flexible, strong, white, smooth, nonshiny. and durable. 

S heet(s) 

Erasures, alterations, overwritings. interlineations, cracks, creases, 

and folds copy machine marks not accepted. Fig(s) 

Mylar, velum paper is not acceptable (loo thin). Ftg(s) . 

SIZE OF PAPER. 37 CFR 1.84(0: Acceptable sizes: 

2 1 .6 cm. by 35.6 cm. (8 1/2 by 1 4 inches) 

2 1 .6 cm. by 33. 1 cm. (8 1/2 by 13 inches) 

2 1 .6 cm. by 27.9 cm. (8 1/2 by 1 1 inches) 

2 1 .0 cm. by 29.7 cm. (DIN size A4) 

All drawing sheets not the same size. Shcet(s) 

Drawing sheet not an acceptable size. Sheet(s) 

MARGINS. 37 CFR 1.84(g): Acceptable margins: 

Paper wzc 



2 1 .6 cm. X 35 .6 cm. 2 1 .6 cm X 33. t cm. 2 1 A on. X 27.9 cm. 2 1 .0 cm. X 29.7 cm. 

( B 1/2 X 14 inches) (8 1/2X13 inches) (8 1/2 X It inches) (DIN Size A4) 

T 5.1 cm. (2") cm. (!') 2J5 cm. (!"> 2Jcm. 

L .64 cm. ( t/4") .64 cm. (1/4") .64 cm. ( 1/4") 2J> cm. 

R .64 cm. (I/4-) .64 cm. (1/4') .64 cm. (1/4") I J cm. 

B ,64cm.(l/4-) .64 era. (1/4") .64 cm. (1/4") t.Ocm. 



Margin s d^no^pon^rni ^dhartjt 



above. 



\/ Top fit J^Left fL) Right fit) Bottom 



<B) 



VIEWS. 37 CFR 1.84(h) 

REMINDER: Specification may require revision to correspond to 

drawing changes. 

All views not grouped together. Fig(s) 

Views connected by projection lines or lead lines. 

Fig(s) 

Partial views. 37 CFR 1 .84(h) 2 



View and enlarged view not tabled separatly or properly. 

F.g(s) 

Sectional views. 37 CFR 1.84 (h) 3 
Hatching not indicated for sectional portions of an object. 

Fig(s) 

Cross section not drawn same as view with parts in cross section 

with regularly spaced parallel oblique strokes. Fig(s) 

ARRANGEMENT OF VIEWS. 37CFR1.84<i) 
Words do not appear on a horizontal, left-lo-right fashion when 

page is either upright or turned so that the top becomes the right 

side, except for graphs. Fig(s) 

SCALE. 37 CFR l.84(k) 

Scale not large enough lo show mechanism with crowding 

when drawing is reduced in size to two-thirds in reproduction. 

Ftg(s) 

Indication such as "actual size" or scale 1/2™ not permitted. 

Fig(s) 

). CHARACTER OF LINES. NUMBERS. & LETTERS. 37 CFR 
1.84(1) 

Lines, numbers & letters not uniformly thick and well defined, 
clean, durable.,and black (except for color drawings). 

Fig(s) Af.E- 

I. SHADING. 37CFR1.84(m) 

Solid black shading areas not permitted. 

Fig(s)_ 



. Shade lines, pate, rough and blurred. Fig(s)_ 



L NUMBERS, LETTERS. & REFERENCE CHARACTERS. 37 CFR 
1.84( P ) 

Numbers ami reference characters not plain and legible. 37 CFR 

l.84(p)(l) Fi»(s» 

Numbers and reference characters nol oriented in same direction 

asihevicw. 37 CFR I.S4( P )(I) Fig(s)___ 

English alphabet nol used. 37 CFR 1.84(p)(2) 

.Fig(s) 

ts Numbers, tellers, and reference characters do not measure at least 
.32 cm. ( Wl inch) in height. 37 CFR(p)(3> 

I. LEAD LINES. 37 CFR l.84(q) 

Lead lines cross each other. Fig(s) 

, Lead lines missing. Fig(s) 



L NUMBERING OF SHEETS OF DRAWINGS. 37 CFR I.84(i) 

Sheets not numbered consecutively, and in Arabic numerals. 

beginning wilh number I. Shcct(s) 

\. NUMBER OF VIEWS. 37 CFR l.84(u) 

i Views not numbered consecutively, and in Arabic numerals, 

beginning with number 1. Fig(s) 

View numbers not preceded by the abbreviation Fig. 

Fig(s) 

i. CORRECTIONS. 37 CFR l.84(w) 

Corrections not made from prior PTO- 948. 

Fig(s) 

K DESIGN DRAWING. 37 CFR 1.152 

Surface shading shown not appropriate. Fig(s) 

Solid black shading not used for color contrast. 

Fig(s) 
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PATENT 
28967/32863 



,N THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Alitalo et al- 



Serial No: 03/510.133 

Filed: August 1, 1995 

Title: Receptor Ligand 

Group Art Unit: 1646 

Examiner: Christine Saoud 

Commissioner for Patents 
Washington, D.C. 20231 



\ hereby certify that this paper is 
being sent via facsimile to: 
Commissioner for Patents, 
Washington, D.C 20231 on this 
date: Date: November 2. 2OO0. 
Fax No.: (703) 305-3014 

David A. Gass <> ^_ 
Registration No.. 38.1 53 ' 
Attorney tor Applicants 



CHANGE OF ADDRESS 



David A. Gass 

Marshall. O'Toole, Gerstein, Murray & Borun 

6300 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6402 

The attorney's phone number is (312) 474-6300. 

Respectfully submitted, 

MARSHALL. O'TOOLE, GERSTEIN, 

MURRAY & BORUN 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 6O606 
Telephone: (312) 474-6300 



Dated: November 2, 2000 




David A- Gass 
Registration No. 38,153 



OKtoEnter 



I hereby declare that the nonprofit organization identified above qualifies as a 
nonprofit organization as defined in 37 CFR 1.9(e) for purposes of paying 
reduced fees under Section 41 (a) and (b) of Title 35, United States Code with 
regard to the invention entitled RECEPTOR LIGAND, by inventor(s) Kari Alitalo 
and Vladimir Joukov 



described in 

□ The specification filed herewith. 

H Application Serial No. 08/510,133, filed August 1,-1995. 

□ Patent No. , issued 



I hereby declare that rights under contract or law have been conveyed to and 
remain with the nonprofit organization regarding the above-identified invention. 
If the rights held by the nonprofit organization are not exclusive, each individual, 
concern or organization having rights in the invention is listed below and no 
rights to the invention are held by any person, other than the inventor, who 
would not qualify as an independent inventor under 37 CFR 1.9(c) if that person 
made the invention, or by any concern which would not qualify as a small 
business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 
1.9(e). 




OK to- Jp 



FULL NAME: 
ADDRESS: 

□ INDIVIDUAL 



Helsinki University Licensing, Ltd. 
Viikinkaari 8 A, FIN-00710 Helsinki, Finland 

3 SMALL BUSINESS CONCERN O NONPROFIT ORGANIZATION 



FULL NAME^_ 
ADDRESS: _ 

□ INDIVIDUAL 



□ SMALL BUSINESS CONCERN 



□ NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any 
change in status resulting in loss of entitlement to small entity status prior to 
paying, or at the time of paying, the earliest of the issue fee or any maintenance 
fee due after the date on which status as a small entity is no longer appropriate. 
(37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code, and that 



such willful false statements may jeopardize the validity of the applicatior^af^ 
patent issuing thereon, or any patent to which this verified statement's-^ \ F 
directed. 



NAME OF PERSON SIGNING: 
TITLE IN ORGANIZATION: 
ADDRESS OF PERSON SIGNING: 



Edward A McDermott 



Preaiaent 



M 0 5 2001 



1345 Avemip of the Americ as. New Yoi 
NY 10105 



SIGNATURE 



: ^^^^^4^^' Date: 
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Applicant or Patentee: 
Serial or Patent No: 
Filed or Issued: 
For: 



PATENT 

Attorney's Docket No: 28967/32863 

Kari Alitalo and Vladimir Joukov 
08/510,133 
August 1, 1995 
Receptor Ligand 



VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) and 1.27(c)) - SMALL BUSINESS CONCERN 



I hereby declare that I am 

□ The owner of the small business concern identified below: 

H An official of the small business concern empowered to act on behalf 
of the concern identified below: 

NAME OF CONCERN: Helsinki University Licensing, Ltd. 

ADDRESS OF BUSINESS: Viiklnkaari 8 A, FtN-00710 Helsinki, Finland 

I hereby declare that the above-identified small business concern qualifies as a 
small business concern as defined in 13 CFR 121.12, and reproduced in 37 CFR 
1 .9(d), for purposes of paying reduced fees under Section 41 (a) and (b) of Title 35, 
United States Code, in that the number of employees of the concern, including 
those of its affiliates, does not exceed 500 persons. For purposes of this 
statement, (1) the number of employees of the business concern is the average 
over the previous fiscal year of the concern of the persons employed on a fuii-time, 
part-time or temporary basis during each of the pay periods of the fiscal year, and 
(2) concerns are affiliates of each other when either, directly or indirectly, one 
concern controls or has the power to control the other, or a third-party or parties 
controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to, and 
remain with, the small business concern identified above with regard to the 
invention, entitled Receptor Ligand, by inventor(s) Kari Alitalo and Vladimir Jovkov, 

described in 

□ The specification filed herewith. 

H Application Serial No. 08/510,133, filed August 1, 1995. 
O Patent No. , issued . 
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Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C. 20231 
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FRANK S. DIGIGLIO 
SCULLY SCOTT MURPHY & PRESSED 
400 GARDEN CITY PLAZA 
GARDEN CITY NY X 1530 
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:\Q\ BKAMIN£R 



j AnTjUNt.Tj '? I PAPER NUMBER [ 

0 1 / 3 0 / 1 J 1 

DATE MAILED: 



Response to Rule 312 
Communication 



□ The petition filed on 



under 37 CFR 1.312(b) is granted. The paper has been 



forwarded to the examiner for consideration on the merits. 



Director, 

Patent Examining Group . 



The amendment filed on '/3/<S? 1 under 37 CFR 1 .312 has been considered, and has been: 

tKentered. 

□ entered as directed to matters of form not affecting the scope of the invention (Order 331 1 ). 

□ disapproved. See explanation below. 

□ entered in part. See explanation below. 



Publishing Division 



FORM PT01.-271 (REV. 1-96) 

■u.s. cfo. i9ur-c?-66i«oon 



The remaining amendments to the speci fication merely con form the speci fication 
to the formal drawings submitted concurrently herewith. Figures 2, 6, 9 and 10 were prepared 
on mu hi pie sheets and/or renumbered i n order to comply with the Dra ftsman's requi rements. The 
specification has been amended to reflect the fact that these figures will be multiple pages in the 
issued patent. 

These amendment add no new matter and do not raise any new paLcniabilityissu.es 
that would require any substantive examination by the Examiner. 

In view of the foregoing, the applicant respectfully requests the granting of the 
amendment after allowance. 



Respectfully submitted, 

MARSHALL, OTOOLE, GERSTEIN, 
MURRAY & BORUN 




David A. Gass 
Registration No. 3S, 1 53 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (3 1 2) 474-6300 

January 3, 2001 



the allowed claims. The Patent Office is authorized to charge any fee associated with this 
amendment to Deposit Account No. 13-2S55. 

The amendment to page 1 amounts to a cancellation of a priority claim to an 
application that was filed in November, 1994. The sole purpose behind cancellation of the 
priority claim is to maximize patent term of the eventual patent, because it is the Applicants' 
understanding of current law that the term of this patent will be measured from the earliest 
claimed priority date. The priority claim cancellation is not intended as an admission of whether 
or not the claimed invention would be entitled to priority, if the priority claim to the November, 
1 994 application were maintained. The Applicants reserve the right to maintain the same priority 
claim for subject matter that may be pursued in related applications, such as continuations, 
continuations-in-part, divisional applications, reissue applications, or the like. It is the 
Applicants' understanding from prosecution that the subject matter of the allowed claims has 
been deemed patentably distinct from any subject matter disclosed in art of record, including 
subject matter disclosed in two U.S. patents issued to Human Genome Sciences (Hu et al., U.S. 
Patent Nos. 5,932,540 and 5,935,S20) that were considered by the Examiner. (One of these 
patents was cited by the Examiner as a reference under § 102(e) and distinguished by the 
Applicants. See Amendment dated July 24, 2000, at pages 14-18.) Thus, the presence or 
absence of the priority claim raises no patentability issues. 1 



1 The November, 1994 patent application has issued as U.S. Patent No. 

5,776,755. The *755 patent is not prior art under §102(e) because, to the extent the 4 755 
patent discloses or suggests the present invention, the relevant disclosure is a disclosure of the 
present inventors* own work. Because the relevant portions of the '755 patent constitute the 
inventor's own work, the relevant filing date of the '755 patent was not "before the invention 
thereof by the applicant" as required by §102(e). (It is impossible to disclose the inventors' 
own work before the inventors invented it.) 
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At page 7, line 25, please delete "Figure 5 shows" and insert --Figure 5A-5C 

show—. 

At page 7, line 2S, please delete "Figure 6 shows" and insert —Figures 6 A and 

6B show-. 

At page S, tine 6, please delete "Figure 9 shows" and insert —Figures 9A 
through 9C show--. 

At page S. line S, please delete "Figure 10 shows" and insert -Figures 10A 
and I OB show—. 

At page 9, line 2 1 . please delete "Figure 2" and insert —Figures 2A and 2B-. 
At page IS, line 16, please delete "Figure 6" and insert —Figures 6A and 6B— . 
At page 24, line 30, please delete "Figure 9" and insert —Figures 9A through 

9C». 

At page 25, line 6, please delete "Figure 10" and insert —Figures 10A and 

10B-. 

At page 25, line 1 1, please delete "Fig. 9" and insert —Figures 9A through 

9C~. 

At page 26, line 7, please delete "Fig. 9" and insert —Figures 9 A through 9C— . 
At page 26, line 24, please delete "Fig. 10" and insert —Figure 10A— . 

REMARKS 

Applicants request entry of the foregoing amendments, which relate solely to 
formal matters. These amendments are being presented prior to or concurrently with payment 
of the issue fee as required by Rule 3 1 2. The amendments do not affect the scope or content of 
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|f the rights held by the above-identified small business concern are not exclusive, 
each individual, concern or organization having rights to the invention is listed 
below* and no rights to the invention are held by any person, other than the 
inventor, who could not qualify as an independent inventor under 37 CFR 1.9(c) 
if that person made the invention, or by any concern which would not qualify as 
a small business concern under 37 CFR 1 .9(d) or a nonprofit organization under 37 
CFR 1.9(e). 

*NOTE: Separate verified statements are required from each named person, concern or 

organization having rights to the invention averring to their status as small 
entities. (37 CFR 1.27}. 

NAME: Ludwig Institute for Cancer Research 

ADDRESS: 1345 Avenue of the Americas, New York, NY 10105 

□ INDIVIDUAL CI SMALL BUSINESS CONCERN H NONPROFIT ORGANIZATION 

NAME: 

ADDRESS: . 

□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any 
change in status resulting in loss of entitlement to small entity status prior to 
paying or at the time of paying, the earliest of the issue fee or any maintenance 
fee due after the date on which status as a small entity is no longer appropriate. 
(37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine of imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application, any patent issuing 
thereon, or any patent to which this verified statement is directed. 

NAME OF PERSON SIGNING: Heikki Lampi 

TITLE OF PERSON OTHER THAN OWNER: President 

ADDRESS OF PERSpfvl SIGNING: Viikinkaari 8 A, FIN-00710 Helsinki, Finland 
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PATENT 

Attorncv Docket No.: 2S967/32S63 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): Alitalo et al. 

Serial No: OS/510,133 

Filed: August 1, 1995 

Title: Flt4 LIGAND AND METHODS 
OF USE 

Allowed: October 3, 2000 

Batch No.: T33 

Group Art Unit: 1647 

Examiner: C. Saoud 



I hereby certify that this paper is being 
deposited with the United Slates Postal 
Service, in an envelope addressed to die: 
Commissioner for Patents, Box Issue \ 
Fee, Washington, DC 2023 1 , utilizing cl-V" ^ 
the "Express Mail Post Office" under 
Mailing Label No. EM578442455US on 

• /v. 




David A. Gass 



AMENDMENT AFTER ALLOWANCE PURSUANT 37 C.F.R. $1.312 

Commissioner for Patents 
Box Issue Fee 
Washington, D.C. 2023 1 

Dear Sir: 

OKtr 

Please amend this application as follows: ^ 
AMENDMENTS 

In the Specification : 

At page 1, line 2, please delete the following priority claim, which had been 
introduced by way of a Preliminary Amendment dated August 12, 1996: 
"This application is a continuation-in-part of U.S. Patent Application Serial No. 08/340,01 1, 
filed November 14, 1994." 

At page 7, line 19, please delete "Figure 2 shows" and insert -Figures 2A and 



2B show--. 




PATENT 

Attorney Docket No.: 2S967/32S63 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): Alitalo ct al. 

Serial No: OS/510,133 

Filed: August 1, 1995 

Title: FU4 LIGAND AND 
METHODS OF USE 

Allowed: October 3, 2000 

Batch No.: T33 

Group Art Unit: 1647 

Examiner: C. Saoud 



I hereby certify that this paper is being 
deposited with the United States Postal 
Service, in an envelope addressed to 
the: Commissioner for Patents, Box 
Issue Fee, Washington, D.C. 20231, 
utilizing the "Express Mail Post 
Office" under Mailing Label No. 
EM578442455US on this date: 




David A. Gass 



TRANSMITTAL OF FORMAL DRAWINGS 



Commissioner for Patents 
Box Issue Fee 
Washington, D.C. 20231 



Attention: 
Sir: 



Official Draftsman 



In response to the requirement made in the notice of allowability 
dated October 3, 2000, the applicants, through their undersigned attorney, submit 
herewith 16 sheets of formal drawings (Figures 1-12). 

' Because Figures 2, 9 and 10 are now each depicted on multiple 
sheets, and Figure 6 depicted as Figure 6A and Figure 6B on one sheet, the formal 
drawings are accompanied by an amendment after allowance which updates cross- 
references to the Figures. 



This application was allowed October 3, 2000. The issue fee is being 
transmitted today under separate cover. Acceptance of the submitted formal 
drawings is solicited. 

Respectfully submitted, 

MARSHALL, O'TOOLE, GERSTEIN, 
MURRAY &. BORUN 




David A. Gass 
Registration No. 38,153 
6300 Sears Tower 
233 South Wacker Drive 



January 3, 2001 Chicago, Illinois 60606-6402 

(312) 474-6300 
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asaigrtmorrt o*- formal drawing, mutt nave rts own corttflcatjo of mailing. 

Certificate of Mailing 

t hereby certify that this Issue Fee Transmittal Is being deposited wftn 
the United States Postal Service with sufficient postage for first dass 
mall In an envelope addressed to me Box Issue Foe address above on 
the data Indicated below. 

David A. Gass (o«po«iof« ww* 


CURRENT CORRESPONDENCE ADDRESS (Now: Log>t*y mark-up urttti any oocrwctiorM or uw Block 1) 

Marshall, O'Toole, Gerstein, Murr^SFfr'^Wrfin 1 
SB&fflfiO&XXJ^ 233 South Wacker Drive 
^3^^^^^^^^^^^^xfeQ^£^^63rd Floor 

1S^k!^kkjix}^6o^tx^&^l Chicago, Illinois 

60606 




~3AAJKSA(iy 3, PPOjfi (Ok») 


APPLICATION NO. | RUNG DATE | TOTAL CLAIMS | EXAMINER ANO GROUP ART UNIT | DATE MAILED 


0 8/510, 1 33 0 S / 0 1 / 9 5 0 29 S AOU D , 1 e> 4 / 10/ U 3 / U 


nra Named : AALimLU, ' JtS USC 154(U) ' Lvr in ^mL. - " 0 b*y±. 

Appicant 



F/+t- 



ATTYS DOCKET NO. 



| BATCH NO. | APPLN. TYPE | SMALL ENTTTY J FEE DUE | DATE DUE 



UTILITY 



NO 



514-012.00 0 



\jY7Tyjrn: 



1. Change of correspondence address or Indication of * Fee Address* (37 CFR 1.363). 
Use of PTO form(s) and Customer Number are recommended, but not required. 

□ Change of correspondence address (or Change of Correspondence Address form 
PTO/S8/122) attached-. 

□ fee Address" Jr*dJcatton (or "Fee Address* tncflcadon form PTO/SBM7) attached. 



2. For printing, on the patent front page, list 

(1) the names of up to 3 regtstared patent 1 Marshall, 0*Toole. 
attorneys or agents OA. eJternativery. (2) 
the name of a stngle firm, (having as a 

rnember a regtstared attorney or agent) 2 Gerstein, Murray 
and the names of up to 2 registered patent 
attorneys or agents. H no name ta listed, no 

name wtrj be printed. 3 & Borun - 



3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type) 
PLEASE NOTE: Unless an assignee Is Identified below, no assignee data win appear on the patent 
Inclusion of assignee data is orty approptate when an asaig^mem has been pmvtousry submitted to 
the PTO or Is being sufjrnrtted under separata cover. Completion of this form b NOT a subsitJtue tor 
fWng an assignment. 

(B) residence: (city & state or couNTRYTHels inki , Finland; New Yorl: 

USA 

Please check the appropriate assi g n ee category indicated below (win not be printed on the patent) 
□individual El corporation or other private group ontrry □government 



4a. The following fees are enclosed (make check payable to Commissioner 
Of Patents and Trademarks): 

XD Issue Fee 
. }£□ Advance Order - # of Cocoes _ 



4- 



4b. The lotto wing fees or deficiency In chase fees should be charged 

• DEPOSIT ACCOUNT NUMBER 13-28SS 



(ENCLOSE AN EXTRA COPY OF THIS FORM) 
j$ Issue Fee 

□ Advance Order • » of Copies ' 



The COMMISSIONER OF PATENTS AND TRADEMARKS IS requested to apply the Issue Fee to the application identified above. 



- — ssr 
2 5 s5 



(Authorized Signature) 



(Date) 



NOTE; The Issue Fee win not 
or agent; or the assignee or other party in interest as shown by the records of the Patent and 
Trademark Office. 



inomey 



Burden Hour Statement This form is estimated to take 0.2 hours to complete. Tune will vary 
depending on the needs of the individual case. Any comments on the amount of time required 
to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
nffi« Wn*hi™rrw O.C. 2Q231. DO NOT SEND FEES OR COMPLETED FOFIMS TO THIS 
AOORESS. SEND FEES ANO THIS FORM TO: Box Issue Fee. Assistant Commissioner for 
Patents, Washington O.C. 20231 

Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection 
of information unless it displays a valid OMB control number. 



<5 cuift 



TRANSMIT THIS FORM WITH FEE 



PTOL-856 (REV. 1 0-96) Approved for use through 06/30/99. OM8 06S1-0033 



Patent and Trademark Office; U.S. DC! 



:p5brnfiy?V of commerce 



PATENT APPLICATION FEE DETERMINATION RECORD 

Effective October 1 , 1 994 



Application or Docket Number 



CLAIMS AS FILED - PART I 

(Column 1) 



(Column 2) 



FOR 


NUMBER FILED 


NUMBER EXTRA 


BASIC FEE 




TOTAL CLAIMS 


1 C?^ minus 20 = 




INDEPENDENT CLAIMS 


T^K 

f ~y minus 3 - 




MULTIPLE DEPENDENT CLAIM PRESENT 



II the difference in column 1 is less than zero, enter "0" in column 2 



CLAIMS AS AMENDED - PART II 







(Column 1) 




(Column 2) 


(Column 3) 


ENTA 




CLAIMS 
REMAINING 

AFTER 
AMENDMENT 




HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 


PRESENT 
EXTRA 


MENDMI 


Total 




Minus 






Independent 


• ? 


Minus 


- / . 




< 


FIRST PRESENTATION OF MULTIPLE DEF r ElNDENT / CLAIM 






(Column 1) . 




(Column 1y 


(Colum^^X 


C 

r- 

UJ 




CLAIMS 
REMAINING 

AFTER 
AMENDMENT 




HIGHEST 
NUMBER 
PREVIOUSLY 
PAID FOR 


> 

PRESENT 
EXTRA 


IDMI 


Total 


• 


Minus 


" 2£> 




MEls 


Independent 


■ 7- 


Minus 


?> 


- 0 


< 


FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 



SMALL ENTITY 


OR 


OTHER THAN 
SMALL ENTITY 


RATE 


FEE 




RATE 


FEE 




365.00 


OR 




730.00 


X$11 = 




OR 


x$22= 




X38= 




OR 


x76= 




+ 120= 




OR 


+240= 




TOTAL 




OR 


TOTAL 





SMALL ENTITY OR 



OTHER THAN 
SMALL ENTITY 



(Column 1) 



(Column 2) 



(Column 3) 



1- 

LU 




CLAIMS 
REMAINING 

AFTER 
AMENDMENT 




HIGHEST 
NUMBER 
PREVIOUSLY 
PAID EQft 


PRESENT 
EXTRA 


IDMI 


Total 




Minus 






MEIS 


Independent 




Minus 




-/ 


< 


FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 



If the entry in column 1 is less than the entry in column 2, write "0* in column 3. 
** If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 20. enter "20." 
"*lf the Highest Number Previously Paid For* IN THIS SPACE is less than 3. enter "3." 



RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


X$11 = 




OR 


x$22= 




- x38= 




OR 


x76= 








OR 


+240= 




$GD)X. FEE 




OR TOTAL 












RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


X$11 = 




OR 


x$22= 




X38= 




OR 


x76= 




+ 120= 




OR 


+240= 




TOTAL 
ADD IT. FFF 




OR TOTAL 














RATE 


ADDI- 
TIONAL 
FEE 




RATE 


ADDI- 
TIONAL 
FEE 


x&^ 




OR 


X$22= 








OR 


X76= 




+120= 




OR 


+^40= 




TOTAL 
ADD IT. FEE 




nR TOTAL 
w " ADD IT. FEE 





The Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 



FORM PTO-875 
(Rev. 10/94) 



Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 



